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ABSTRACT 


The effect of glucagon on renal hemodynamics and clearance of electrolytes 
in 20 normal men is reported. An enhancing effect on sodium, chloride, potas- 
sium and inorganic phosphorus clearance ratios was observed. It is suggested 
that the electrolyte effect of glucagon is probably due to a tubular action, 
though a glomerular effect has not been completely ruled out. Evidence is pre- 
sented that these effects are not secondary to the hyperglycemic action of 
glucagon or to an inhibition of carbonic anhydrase. 


REVIOUS studies from this laboratory have shown that glucagon 

causes a marked and sustained increase in the renal excretion of 
sodium, potassium, chloride, inorganic phosphorus and radioiodine (I'*!) 
in the dog (1, 2). These effects were observed in the unanesthetized animal, 
using crystalline glucagon, and appeared to be independent of the hyper- 
glycemic action of glucagon. The purpose of this paper is to describe some 
effects of glucagon on renal function in the normal human, utilizing stand- 
ard renal clearance techniques. 


METHODS 


Studies on human subjects 


Thirty-three hospitalized ambulatory male subjects (ages 20 to 57) with no known 
renal or electrolyte abnormalities were studied. All received a regular hospital diet and 
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the observations were made during a postabsorptive state (fourteen-hour fast). Stand- 
ard renal clearance techniques (3) were used, employing a Bowman constant infusion 
pump. Water (1-2 liters) was administered orally prior to, and during the studies in 
order to insure adequate urine flow. Urine was collected over periods of ten to fifteen 
minutes through an indwelling, multi-holed rubber catheter and each collection was 
concluded by multiple washouts with water and air in order to assure complete collec- 
tions. Simultaneous clearances of Na, K, Cl, PO, and creatinine were determined in 
most subjects. In some subjects inulin, para-aminohippurate (PAH) and I"! (4) clear- 
ances were measured. In each study, 3 to 5 control periods were obtained before glu- 
cagon! or glucose was administered, and then 4 to 9 additional periods were obtained. 
The dose of glucagon per patient ranged from 0.9 mg. to 7.5 mg., administered as a 
single dose intravenously or intramuscularly or as a continuous intravenous infusion. 
Glucose was administered orally (100 or 150 Gm.) or by constant intravenous infusion 
(10 per cent solution) at rates ranging from 80 mg. to 1,000 mg. per minute. 

Venous blood samples were collected at th midpoint of each period in heparinized 
syringes through an indwelling, thin-walled needle in the antecubital vein. The samples 
were centrifuged and separated without delay. ° 

Inulin was determined according to a modification (6) of the method of Roe, Ep- 
stein and Goldstein (7); PAH according to the method of Smith et al. (8); chloride by 
the method of Van Slyke and Hiller (9); sodium and potassium with the Beckman 
flame photometer; glucose by the Nelson modification of the Somogyi method (10); 
creatinine by the method of Bonsnes and Taussky (11); and inorganic phosphorus ac- 
cording to the method of Fiske and SubbaRow (12). 


In vitro experiments 

The carbonic anhydrase assays were carried out by the method of Wilbur and Ander- 
son (13). The carbonic anhydrase was made up in a veronal buffer and mixed with a 
freshly prepared, saturated, aqueous solution of COs. The time required for the pH of 
this mixture to fall from an initial value of 8.25 to 6.15 is used as a measure of the ac- 
tivity of the enzyme. Bromthymol blue is used as an indicator of the pH change. The 
experiments were performed in triplicate in the cold room (5° C.). The effect of acetazo- 
lamide, a known carbonic anhydrase inhibitor, was compared with that of glucagon. 


RESULTS 


I. Effects of glucagon 

Figure 1 illustrates the data from a typical study. The clearance ratios? 
of Na and Cl showed an immediate and striking increase, which reached 
a maximum in the first experimental period and subsequently dropped to 
values below the control level. The potassium clearance ratio also in- 


1 Kindly supplied by Drs. O. K. Behrens and W. R. Kirtley of the Eli Lilly Research 
Laboratory, Indianapolis. An amorphous preparation (No. 208-158B-214) equivalent 
in potency to 50 per cent of the crystalline material was used in 10 subjects. A crystal- 
line preparation prepared according to the method of Staub et al. (5) was used in 10 sub- 
jects, and an inactivated crystalline preparation in 1 subject (W.M.). The latter material 
was exposed to 100° C. for nine hours at pH 7. 

2 Clearance ratio is defined as the percentage of the filtered load excreted, e.g., Na 


clearance/creatinine clearance. 
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creased but the magnitude was less and the subsequent fall was more 
marked. In contrast to the rapid transient changes in the clearance ratios 
of Na, Cl and K, the clearance ratio of PO, inorganic phosphorus rose 
gradually and remained elevated throughout the experimental period. 
Endogenous creatinine clearance (C.), used as a measure of glomerular 
filtration rate, remained constant. The plasma glucose curve showed the 
characteristic hyperglycemic response to glucagon. The results in all other 
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glucagon studies were similar despite the wide range of glucagon dosage 
levels, the difference in purity of the preparations (50 or 100 per cent), and 
the various methods of administration. 

A. Electrolyte data. Table 1 contains a summary of the electrolyte data 
from 16 subjects. These data are expressed as the mean values of 3 periods 
before and after glucagon. Since the change in the clearance ratios of Na, 
Cl and K was transient and the maximum values occurred during the first 
3 experimental periods, the mean value for these periods is representative 
of the glucagon effect. It is obvious that the maximum clearance ratio 
following glucagon (Fig. 1) exceeded the mean value used here. Although 
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the change in PO, clearance ratio was not transient, the data were treated 
in a similar manner for uniformity. Statistical analysis* revealed that after 
glucagon administration, clearance ratios of all electrolytes increased 
significantly (P <.01) above control values. 

In 14 of the 15 subjects who received active glucagon preparations there 
was an increase in the clearance ratios of Na and Cl following glucagon. In 
the remaining subject (J.T.) a 25 per cent increase occurred in the first 
experimental period, but the values in the next 2 periods were below the 
control level. The increases in Na clearance ratios ranged from 26 to 217 
per cent, and in Cl clearance ratios from 9 to 116 per cent. Increases rang- 
ing from 5 to 87 per cent in K clearance ratios occurred in 11 of 13 patients; 
in the remaining 2 there was a decrease. In the majority of cases there was 
a rapid rise in the clearance ratios of these electrolytes and a subsequent 
fall to control levels by the fourth experimental period. In some cases 
clearance ratios eventually fell below control values. The duration (fifteen 
to thirty-five minutes) of these effects was similar with Na, Cl and K, and 
always occurred in the periods immediately following the administration 
of the glucagon. 

All subjects showed a definite though variable increase in PO, clearance 
ratios, ranging from 17 to 125 per cent. In contrast to the Na, Cl and K 

changes, the increase in PO, clearance ratio was sustained throughout the 
experimental period (up to ninety minutes) in the majority of the subjects. 

No consis ent change in I'*! clearance ratio (—2 to +12 per cent) was 
observed in the 3 subjects in which it was measured. 

Table 1 also shows the data on serum electrolytes. Glucagon caused a 
decrease in the concentration of serum PO, in all subjects, ranging from 4 
to 37 per cent. No significant (P >0.6) change was observed in the values 
for serum Na, Cl or K. The plasma glucose level showed the usual hyper- 
glycemic response to glucagon in all cases,‘ though the magnitude and 
duration of the rise varied considerably (range, 29 to 90 per cent). 

The results of the observations (Subject W.M.) on biologically inactive 
glucagon are shown at the bottom of Table 1. This preparation had no 
demonstrable renal effects. 

B. Renal hemodynamic data. The glomerular filtration rate was measured 
in 15 subjects by endogenous creatinine clearance and in 9 subjects by 
inulin clearance (Tables 1 and 2). Creatinine clearance was increased in 11 
subjects, decreased in 3, and unchanged in 1. Inulin clearance increased 
in 6 subjects and decreased in 3. Changes in creatinine clearance were of 
borderline significance (P = .04), whereas those of inulin clearance were not 


3 Wilcoxon matched-pairs signed-ranks test (14). 
4In Subject C.M. the rise did not occur until the fourth period, which is not in- 
cluded in the table. 
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TABLE 1. RENAL AND PLASMA EFFECTS OF GLUCAGON* 
Subject Uri Percentage of filtered load excreted Plasma levels 
Age & Ce 
Wt. po, | Na | Kk | m | pa | Na | cl K 
JD. 3.2] 11 10.4| 0.59| 2.11 3.3 | 136] 105 75 
59 Kg. | E 11.0] 135 15.4| 1.87] 3.15 2.6 | 136 | 105 105 
R.N., 20} C 16.8 | 124 7.3 | 1.02} 1.18] 14.5 3.6] 144] 101| 4.0| 87 
57 Kg. | 18.1 | 124 12.3] 1.49] 1.68] 26.5 2.6| 134] 102] 3.7] 151 
C.G., 30| C 14.1 | 116 14.9 |} 1.38 | 1.40] 15.0 3.5| 1388] 103] 3.8] 75 
63 Kg. | E 18.2 | 113 17.4 || 1.83 | 2.32] 21.0 3.3| 141] 102; 96 
F.M., C 12.4 | 121 4.8| 0.34] 0.77] 21.0 3.1| 156] 103; 3.5] 62 
70 Kg. | E 15.0 | 109 10.8 | 0.67] 1.20| 29.4 2.9| 156| 104] 114 
G.B., 46|C 8.6 | 105 12.4] 0.74] 1.13 | 26.2 4.3| 149] 103| 3.9| 61 
68 Kg. | E 12.3 | 119 19.1] 1.60| 1.88] 48.9 3.7| 149| 104] 3.6°| 91 
AS., 36|/C 9.5 | 128 11.5] 0.92| 1.30] 26.3 3.2| 132] 106] 3.6| 69 
84Kg.| E 17.7 | 122 17.4] 1.41] 1.86] 36.1 2.6| 137! 107] 3.6] 119 
C.M., 23 | C 13.3 | 105 7.8| 1.77] 2.54 3.2| 144] 107| 4.3] 84 
74 Kg. | E 17.5 | 106 11.1] 2.45] 4.01 144] 108] 4.3] 82 
C.G., 24] C 11.4] 124 5.4] 0.60] 0.98] 22.4 2.8} 1083] 4.8] 63 
69 Kg. |E 9.0| 126 9.6| 1.58| 2.12] 29.4 2.5| 141] 105| 88 
T.0., 41|C 99 (98)} 10.1] 1.09] 1.72] 30.0 3.6| 140] 110| 4.2] 45 
82Kg.|E 9.3 | 109(109)| 16.6| 2.77] 2.42| 41.0 2.8| 141] 110| 4.2] 78 
J.M., 46|C 14.5 | 125(122) | 12.4] 1.49] 1.98| 16.6] 29.8! 3.5| 104] 4.6 
50 Kg. | E 16.9 | 131(121) | 16.2| 1.88] 2.15 | 20.3| 30.7] 2.9| 141] 104] 4.5 
_JT., 26|C 14.2| 96 (93)| 17.5] 1.63 | 2.32} 22.3] 28.2] 2.4] 107| 4.2 
54Kg. | E 14.7 | 110(109) | 25.6| 1.36] 1.88] 16.1) 27.5] 1.9| 138] 107| 4.1 
R.W., 22| C 15.3| 97 (94) 1.18 | 0.63] 18.3| 34.0] 3.1| 140] 108! 4.6 
53 Kg. | E 18.2 | 110(111) 1.60 | 0.79] 22.6| 38.0} 2.0] 139] 108| 4.7 
L.T., 30| C 12.1 | 131 12.0| 0.54] 0.77| 21.2 3.3 | 136] 103] 4.2] 87 
79 Kg. | E 12.5 | 134 16.3 | 1.70] 1.25] 23.6 3.0| 140] 4.2] 118 
33|C 11.4]-116 10.2 | 0.64] 2.05 | 32.5 4.2} 146] 105| 4.4] 83 
78 Kg. | E 12.7 | 122 15.0 | 1.24] 2.54] 34.1 3.3| 146] 106| 4.4] 159 
C.C., 13.5] 116 9.7| 0.64] 1.08] 21.8 3.0| 132] 103| 3.7] 84 
72 Kg. | E 17.2} 126 15.5 | 1.43] 1.85 | 20.1 2.4| 134] 105| 3.9] 129 
W.M.,t34| C 11.2 | 129(106) | 4.1 | 0.36] 0.73] 12.2 3.4| 140] 106| 4.3] 100 
72Kg. | E 12.7 | 124(111) | 4.5 | 0.83] 0.77] 12.1 3.0| 140] 106| 4.2] 92 


* Control values (C) represent the mean of 3 consecutive renal clearance periods. Experimental values (E) represent 
the mean of 3 consecutive renal clearance periods immediately following the administration of glucagon. 

Clearance values are corrected to 1.73 sq. M. of body surface area. POs and glucose plasma levels are in mg./100 ml. 
Na, Cland K plasma levels are in mEq./L. Urine fiow and creatinine clearance (C,) are in ml./min. The numbers in 
parentheses under C, are inulin clearance in ml. /min. 

+ Subject who received inactivated glucagon. 


significant (P =.10). These alterations bore no consistent relationship to 
the electrolyte changes. In 4 subjects, simultaneous inulin and creatinine 
clearances were measured and showed close agreement. 

Renal plasma flow was estimated by means of PAH clearance in 5 sub- 
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TABLE 2. RENAL. EFFECTS OF GLUCAGON 


Subject, Urine flow Cin Coah Plasma glucose 

Age & Wt. (ml./min.) (ml./min.) (ml./min.) (mg./100 ml.) 
is E.W., 24 Cc* 14.2 99 490 98 
82 Kg. E 16.5 110 581 160 
G.B., 27 Cc 611 91 
54 Kg. E 18.4 117 677 146 
E.M., 19 15.2 124 92 
74 Kg. E 17.6 127 778 131 
O.P., 29 C 10.2 109 573 94 
73 Kg. E 13.6 113 597 118 
J.A., 30 Cc 14.2 117 528 , 91 
92 Kg. E 17.0 114 575 108 


* For key, see footnote to Table 1. 


jects (Table 2). There was an increase ranging from 4 to 19 per cent fol- 
lowing administration of glucagon. This increase was on the verge of signi- 
-ficance (P =.04) provided the sample size (5 subjects) is considered ade- 
quate. 

In many subjects there was an increase in urine flow following adminis- 
tration of glucagon. However, marked electrolyte effects also occurred in 
some subjects (C.G. and T.O.) who did not exhibit increased urine flows. 


II. Effects of glucose 

Since hyperglycemia is a characteristic response to glucagon, control 
studies were performed in which glucose was administered to simulate the 
hyperglycemic effect of glucagon. Figure 2 shows the data on 1 of the 12 
subjects who received glucose. The sodium clearance ratio remained con- 
stant throughout the experimental period, while the chloride clearance 
ratio decreased gradually. A marked and persistent decrease in the potas- 
sium clearance ratio occurred following glucose. The PO, clearance ratio 
rose markedly and paralleled the blood sugat curve. Creatinine clearance 
showed only minor variations. 

Table 3 contains the results of all experiments in which glucose was 
administered. The data are presented in the same form as in Table I. 
There was no significant (P=.72) change in sodium clearance ratios. 
Chloride clearance ratios decreased in most of the subjects, but these 
changes were not significant (P=.07). Potassium clearance ratios de- 
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creased significantly (P =.03). In contrast, PO, clearance ratios increased 
significantly (P <.01). In 10 subjects there was an increase ranging from 
20 to 136 per cent. In one subject (F.F.) there was no change; in another 
subject (B.H.) there was a decrease of 26 per cent. Plasma glucose con- 
centration increased in all subjects. Urine flow increased in 8 of the 12 
subjects; in the remaining cases there was a decrease. No significant 
(P=.58) change occurred in creatinine clearance. 

Glucose had no effect on plasma Na, Cl and K levels. Plasma PO, con- 
centration decreased in 11 subjects (3 to 18 per cent) and remained un- 
changed in 1. Plasma glucose concentration increased in all subjects (18 
to 208 per cent). 


III. Comparison of glucagon and glucose data 


Table 4 shows a comparison of the glucagon and glucose data. Glucagon 
increased the Na clearance ratio, whereas glucose did not. The clearance 
ratios of Cl and K were increased by glucagon, but decreased by glucose. 
The difference in the effects of glucagon and glucose on the clearance ratios 
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TABLE 3. RENAL AND PLASMA EFFECTS OF GLUCOSE* 


Subject, Urine re Percentage of filtered load excreted Plasma levels 
PO, | Na cl K | Po.| Na | ct | K_ |Ghucose 
AJ., 30|C 12.1 {| 109 8.0 0.56 1.16 16.3 4.1 138 101 4.3 67 
71 Kg. | E 9.7} 111 18.7 0.34 0 58 8.8 3.6 138 98 4.2 185 
L.Q., 26} C 10.5 | 105 17.8 1.03 1.47 13.8 2.9 137 101 4.6 74 
64 Kg. | E. 12.7 | 107 21.3 1.17 1.32 12.2 2.8 137 102 4.5 94 
W.N., 26 | C 8.9 | 121 13.5 1.66 2.66 20.1 3.2 144 104 4.3 69 
67 Kg. | E 14.8 | 126 23.2 1.66 2.17 15.0 3.0 144 103 3.8 123 
R.G., 28 | C 7.8 | 131 12.2 1.10 1.64 19.2 3.2 136 109 3.4 100 
82 Kg. | E 10.6 | 147 14.7 0.74 0.96 12.7 3.0 135 109 3.5 149 
M.A., 49 | C 10.4 98 9.5 0.58 3.3 24.1 2.5 137 102 3.6 89 
79 Kg. | E 13 101 13.8 0.59 3.51 23.8 2.3 137 105 3.6 126 
A.T., 32 | C 14.1] 119 5.4 0.95 1.44 23.2 2.9 143 105 4.8 72 
62 Kg. | E 13.3 | 115 6.5 0.85 1.39 21.8 2.8 144 105 4.7 100 
J.M., 37|C 14 94 11.8 0.83 1.57 16.7 2.6 136 107 3.7 67 
80 Kg. | E 14.1 95 20.0 0.83 1.34 12.7 2.6 136 108 3.6 121 
J.V., 411°C 6.8 (79) 21.0 0.77 12.3 3.5 140 4.8 62 
68 Kg. | E 7.2 (75) 25.2 1.32 11.7 3.2 139 4.6 91 
B.H., 34 | C 9.8 (86) 10.2 1.66 1.12 9.8 2.3 140 106 4.2 99 
76 Kg. | E 11.9 (86) 7.5 1.30 11 10.0 1.9 140 106 4.2 116 
D.L. 23 C 15.3 128 0.79 0.68 11.4 2.6 140 104 4.4 74 
84 Kg. | E 19.7 | 128 9.9 0.87 0.84 2 2.5 140 105 4.4 140 
F.F., 36 | C 15.0 | 122 (100) 18.8 0.63 0.58 15.6 2.4 139 101 4.5 74 
92 Kg. | E. 13.1 | 108 (97) 19.2 0.45 0.56 12.6 2.3 141 101 4.5 92 
J.L., 39} C 6.1 94 18.3 0.38 0.46 4.1 2.8 136 105 4.0 67 
64 Kg. | E 9.7 96 33.7 0.70 0.40 4.5 2.3 136 102 3.9 | 205 


* For key, see footnote to Table 1. 


of these 3 electrolytes was significant’ (P <.01). Although PO, clearance 
ratios were increased by both glucagon and glucose, statistical analyses 
revealed a borderline significant (P = .05) difference between the 2 effects. 
Urine flow frequently increased following administration of either sub- 
stance and there was no significant (P=.50) difference between the 2 
effects. There was also no significant (P=.70) ‘difference between the 
magnitude of the hyperglycemia following administration of either sub- 
stance. There was no significant (P= .50) difference in the effects of gluca- 
gon and glucose on creatinine clearance. 

Plasma Na, Cl and K were unaffected by either substance. The plasma 
PO, level was decreased by both substances, but more by glucagon. 


5 The data were subjected to statistical analysis by means of a median test (14) using 
a 2X2 contingency table and chi? analysis. 
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TABLE 4. COMPARISON OF GLUCAGON AND GLUCOSE DATA* 


Signifi- 
No. of In- | Mean | De- | Mean No Mean iat . 
expts. | crease | increase | crease| decrease | change | change (P value) 
RENAL DATA 
Urine flow| Glft 12 8 34% 4 11% 0 +19% .50 
Gn 20} 18 36% 1 21% 1 +31% 
C, Gl 10 7 4% 2 7% 1 + 2% 
Gn 158) iN 9% 3 6% 1 + 5% 50 
PO, Ghote 11 48% 1 26% 0 +42% 
Gn 14] 14 55% 0 0 eo +55% | ‘ .05 
Na Gi 12 5 36% 5 27% 2 + 4% 
Gn 15 14 101% 1 17% 0 +93% <.01 
Cl Gi: 2 15% 9 17% 0 —-11% 
; Gn 15 14 52% 1 19% 0 +47% <.01 
K Gl 12] 3 9% 9 | 19% 0 | -12% 
Ga- 197° 38% 2 18% 0 +30% <.01 
PLASMA DATA 
PO, Gl 12 0 0 11 8% 1 — 7% 
Gn 15 0 0 15 17% 0 -—17% 04 
Na Gl 12 2 ae 1% 8 0 
Gn 15 5 2% 3 3% 7 0 86 
Cl Gl 11 4 2% 3 2% 4 0 
Gn 15 8 1% 1 1% 6 + 1% 30 
K Gl 12 1 3% 7 4% 4 — 2% 
Gn 14 3 5% | 5% 7 0 .68 
Glucose | Gl 12] 12 73% 0 0 0 +73% 
Gn 17] 16 48% 1 1% 0 +54% .70 


* Increase refers to the number of subjects who manifested an increase in the meas- 
ured values following either glucose or glucagon. Decrease refers to the number of sub- 
jects who manifested a decrease in the measured values following either glucose or glu- 
cagon. No change refers to the number of subjects who were unaffected by these sub- 
stances. Mean change refers to the direction and magnitude of the effect for all sub- 
jects. Significance is the probability level resulting from a statistical comparison of glu- 
cose and glucagon data, employing a median test and chi? analysis. Calculation of % 
change was performed prior to rounding off numbers. 

t Gl=Glucose; Gn=Glucagon. 
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TABLE 5. EFFECT OF GLUCAGON ON CARBONIC ANHYDRASE ACTIVITY ~ 


Reaction Time* (min.) 


Experimental Condition 


Without carbonic anhydrase 
With carbonic anhydrase 
Carbonic anhydrase and acetazolamide (10 yg.) 
Carbonic anhydrase and 1 yg. of glucagon 
Carbonic anhydrase and 5 yg. of glucagon 


* Mean value for 3 experiments. 


IV. In vitro experiments 
Table 5 records the data on the effect of acetazolamide and glucagon 


on carbonic anhydrase activity. Glucagon had no effect on carbonic 
anhydrase activity, whereas acetazolamide, a known inhibitor of this 


enzyme, completely inhibited its activity. 


DISCUSSION 


The data presented show that glucagon causes a significant and sus- 
tained increase in the renal clearance ratio of inorganic phosphorus, and 
a significant but transient increase in the renal clearance ratios of sodium, 
chloride and potassium. These effects were also significantly different from 
those observed with glucose despite the fact that the magnitudes of hyper- 
glycemia induced by these 2 substances were not significantly different. 
Furthermore, in a number of subjects, the electrolyte effect following 
glucagon preceded the rise in the level of blood sugar. It has been shown 
that glucose hyperglycemia results in blood glucose levels which are 
closely correlated with PO, clearance ratios (15, 16), whereas with glucagon 
hyperglycemia, this correlation is only fair (17). It appears, therefore, 
that the effects of glucagon on the renal clearance of electrolytes are not 
mediated through its hyperglycemic action. 

There were no significant alterations in the plasma levels of Na, K or Cl 
following glucagon or glucose. Plasma PO, concentration decreased follow- 
ing both glucagon and glucose. However, statistical analysis revealed a 
greater decrease after glucagon than after glucose. A similar observation 
has been made in diabetic patients (18). es 

Most of the changes in creatinine and inulin clearance following ad- 
ministration of glucagon bore no relationship to the electrolyte response. 
Changes in inulin clearance were not significant, whereas those in creatinine 
clearance were of borderline significance. Although PAH clearance in- 
creased slightly, the number of experiments was too few to draw a valid 
statistical conclusion. These findings do not allow one to rule out the 
possibility that glucagon has a small renal hemodynamic effect. 
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Since the electrolyte effects were observed with crystalline glucagon but 
not with inactivated glucagon, it is probable that the changes in electro- 
lyte clearance are due to the glucagon molecule itself. A similar conclusion 
was reached from studies in the dog (2). 

Although diuresis was frequently observed with glucagon, a similar 
effect (not significantly different) was observed with glucose. However, 
in a few subjects the clearance of electrolytes after glucagon was markedly 
increased despite a constant or decreasing urine flow. Glycosuria did not 
occur in any of these studies. These findings indicate that the increase in 
electrolyte clearance ratios following glucagon is not due to an increased 
urine flow. 

Because glucagon markedly increases the excretion of electrolytes but 
does not change the filtered load appreciably, it would appear to have an 
action on the renal tubule. In view of the questionable significance of the 
changes in glomerular filtration rate and renal plasma flow, the possibility 
of an action of glueagen on the glomerulus cannot be ruled out. 

- The renal effects of glucagon reported here resemble those previously 
observed in the dog (1, 2) with 1 exception, 7.e., I'*! clearance. The lack of 
effect of glucagon on the.renal clearance ratio of I'*! in the human subject 
differs from the results in the dog, in which an increased renal excretion 
of I'*! was noted (1, 2). There is other evidence that the kidney of the dog 
handles iodine differently than does the kidney of man (19). 

The mechanism of these renal effects is unknown. Glucagon is known to 
stimulate liver phosphorylase (20); however, no in vitro effect of glucagon 
on kidney phosphorylase has been detected (21). Another possible mode of 
action of glucagon, which may explain its renal effects, is the inhibition of 
carbonic anhydrase. Such an inhibition has been shown to increase the 
renal excretion of Na, K, PO., HCO; and Cl (22, 23). The in vitro experi- 
ments presented here show that glucagon in large doses does not act as an 
inhibitor of carbonic anhydrase. 
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ABSTRACT 


Studies on the action of glucagon-insulin mixtures in 30 unselected hos- 
pitalized diabetic patients are presented. The findings indicate that glucagon 
and insulin combined increase glucose uptake in the forearm significantly 
more than does insulin alone. This effect appears to be independent of the 
severity of the diabetes but is more pronounced when the fasting arterial glucose 
concentration is greater than 120 mg. per 100 ml. Analysis of the response of 
arterial glucose levels to the glucagon-insulin mixtures revealed that fasting 
blood glucose levels and the ratio of glucagon to insulin in the mixture are 
important factors in this response. Arterial glucose levels were consistently 
stabilized when the fasting level was greater than 170 mg. per 100 ml. and the 
ratio of glucagon to insulin in the mixture was 0.26 to 0.90. Possible applies - 
tions of these findings to the treatment of diabetic patients are suggested. 


REVIOUS studies (1-3) in normal subjects have indicated that a 
combined glucagon-insulin infusion increases glucose uptake in the 
forearm significantly more than does insulin alone. In addition, the hypo- 
glycemic effect of insulin was partially or completely prevented when both 
agents were administered together (1). Since impaired cellular utilization 
of glucose and an unstable blood sugar level are often associated with the 
diabetic state, the foregoing findings suggest that glucagon and insulin 
combined may be more effective than insulin alone in the treatment of 
diabetic patients. The purpose of this paper is to report studies designed to 
test this possibility. 


METHODS 


Thirty-two studies were carried out in 30 unselected, hospitalized, diabetic pa- 
tients (1 female and 29 males), whose ages ranged from 20 to 70 years. Twelve cases 
were classified! as severe diabetes, 11 as moderately severe, and 7 as mild. Standard- 


Received February 7, 1958. 

* Presented at a meeting of the American Federation for Clinical Research in 
Denver, March 16, 1957. 

1 Severe = difficult to control (unstable or “brittle”’). Moderate = requires insulin but 
not difficult to control with 40 units or less daily. Mild = requires no insulin for control. 
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ized basal conditions are achieved by studying the patients in a special room following 
an eleven-hour fast and allowing a ninety-minute rest period in the test bed. Studies 
were begun twenty-six hours after the last dose of NPH or lente insulin. 

A 5 per cent solution of glucose and insulin? was infused intravenously at a constant 
rate (2.9 to 3.7 ml. per minute) into each patient by means of a Bowman constant in- 
fusion pump. Glucagon* was added to the infusion bottle seventy minutes after the 
start of the glucose-insulin infusion. The total duration of each experiment was two 
and a half hours. In each of 19 studies, 16 pairs of venous and arterial (brachial artery) 
or capillary (finger) blood ‘samples were obtained at ten-minute intervals throughout. 
In 13 studies, only arterial or capillary samples were obtained. Capillary blood con- 
tains the same concentration of glucose as does arterial’ blood (4). Venous samples 
were drawn (indwelling needle) from the antecubital vein, which carries mixed blood 
from the deep and superficial tissues of the forearm and hand (5). All samples were 
analyzed for glucose by the Nelson modification of the Somogyi method (6). Arterial 
and venous samples were analyzed in duplicate capillary samples, singly. Sodium 
fluoride and immediate refrigeration were used to prevent glycolysis. 

A-V/A values (arteriovenous glucose differences divided by arterial glucose concen- 
tration) were used as an index of the specific rate constant of peripheral glucose utiliza- 
tion, since they have been shown to be proportional to this constant under the con- 
ditions of these studies (7) and because glucagon does not affect blood flow (8). The 
data were analyzed statistically by means of a non-parametric median test using a 
2x2 contingency table and chi-square analysis (9) as previously reported (1, 7). 


RESULTS 


- Figure 1 shows the data from one of the studies in which arteriovenous 
glucose concentrations were determined before and after glucagon, and 
demonstrates one of the two types of responses observed. Note that after 
administration of glucagon the arterial glucose levels were stabilized‘ and 
that A-V glucose differences increased. Figure 2 shows the data from an- 
other study which exemplifies the other type of response frequently ob- 
tained. After glucagon, the arterial glucose levels rose’ and A-V glucose 
differences increased. 

Table 1 contains data from the 19 studies in which arteriovenous 
glucose measurements were made. A statistical analysis of the A-V/A 


2 Preparation No. T-3206 (free of glucagon), which contains 25 units per mg., kindly 
supplied by Dr. W. R. Kirtley, Eli Lilly Co., Indianapolis. 

* Crystalline glucagon (Lot CT-871) generously supplied by Dr. W. R. Kirtley, Eli 
Lilly Co., Indianapolis. This preparation contains 0.2 to 0.05 unit of insulin per milli- 
gram. Since the total dose of glucagon administered per patient ranged from 0.09 to 
0.35 mg., the maximum quantity of insulin contaminant was only 0.07 unit. 

4 Less than 25 mg./100 ml., or 10 per cent change from the level just before glucagon 
was administered. This type of response is equivalent to a neutralization of the oppos- 
ing effects of insulin and glucagon on the arterial glucose level. 

5 A rise of 30 mg./100 ml. or more above the level just before glucagon was adminis- 
tered. This type of response is considered a hyperglycemic one, 7.e., a predominance of 


glucagon effect. 
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Fig. 1. Stabilization response to a glucagon-insulin mixture. 
A= Arterial glucose concentration. 
V=Venous glucose concentration. 


values in the 19 patients revealed a highly significant (P =.001) increase 
in this index after glucagon administration. In 12 patients the increase 
persisted throughout the experimental period (seventy or eighty minutes). 


In 5 the increase lasted only thirty to fifty minutes, and in 2 no change 
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Fig. 2. Hyperglycemic response to a glucagon-insulin mixture. 
A= Arterial glucose concentration. 
V=Venous glucose concentration. 
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TABLE 1. THE EFFECT OF GLUCAGON-INSULIN MIXTURES 
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Although glucose measurements were made every ten minutes, only alternate values 
are given for the sake of brevity. Other pertinent data on these patients are listed in 
Table 2. 


Time in minutes 
Pa- 

0 | | 20| 40 | 60 | 90 | 110| 130] 150 
LK. | A* 392 | tt | 384 360, 329 | | 329 | 347 | 345] 335 
| | 3879) 352) 318 310 | 325] 328 | 304 
W.W.| A 400| | 389] 322 | | 308 | 311) 284 
V 396 | | 386] 321 289 | 286| 286)! 263 
J.B. | 270 | | 278 | 269| 254 | | 257 | 268/| 250 
v— 267 | 258} 247° 238 | 246] 250) 241 
| 260 | 251 | 217 196 | 212} 213} 200 
248 | 240/| 214 184 | 201 | 201; 190 
J.B. | A 248 261 | 248| 232 216 | 222/| 203 
V 244 254 | 245 228 212/ 199| 175 
N.T. | 227 240 | 222] fT 170 | 169| 150] 123 
V 214 210; 192) 163 112} 138] 123 98 
ys. |A | 233] 237] 229 249 | 286 
V 207 213 | 218] 217 219 | 237/ 252] 262 
DS. | A 207| fT 208 | 190} 160 | | 159 | 167 | 155 
196] | 198 | 184} 155 154 | 155| 146) — 
E.S. | 180 196 | 190; 172 | | 180 | 200; 190}; 179 
184 | 177 | 164 161 | 182| 179] 168 
N.D. | A 171 171 | 151} 122 | 111 | 110} 100 87 
Vs163 158 | 129} 107 96 91 80 76 
JR. | A 156 | 170 | 166 | 169 | 198 | 222] 233] 221 
Vv 146 159| 151 172 | 195| 207] 203 
Jc. |A 152 166 | 147| 114 116} 132] 130 
V 137 147 | 128 104 93 | 122| 127| 112 
|) 4 7 156 | 158] 153 178 | 199 

Vs131 149 | 150} 148 | 


* 


t 
tT 


A= Arterial glucose concentration in mg./100 ml. 
V =Venous glucose concentration in mg./100 ml. 


7 =Beginning of insulin-glucose infusion. 
= Beginning of glucagon infusion. 
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TABLE | (continued) 


Time in minutes 


20 40 60 110 | 130 


142 | 130 178 | 186 
131 | 115 92 134 | 164 


145 | 150 176 | 183 175 
138 | 142 164; 171} 161 
132 | 135 137 | 1385} 118 


109 | 104 89 140 |} 136.) 128 
98 92 78 119 | 122; 114 


122 | 121} 108 135 | 135] 127 
114| 114; 101 131 128 | 120 


| 143 | 144 149 | 143] 125 


<> <> <> 


107 | 107 97 87; 108; 110 


| 904 147 | 148] 153 


occurred. Nine of the 19 patients had severe diabetes; in 4 of the 9 there 
was a sustained increase in A-V/A values, in 3 a transient increase, and in 
2 no change. In 6 of the 7 moderately severe cases there was a sustained 
_ increase, and in 1 a transient increase. In 2 of the 3 mild cases there was a 
sustained increase, and in 1 a transient increase. In the 2 severe diabetics 
(E.F. and W.K.) who showed no change in A-V/A values, fasting (‘‘0” 
time) blood sugar levels were within the normal range, whereas in only 2 
of the 17 patients who responded with an increase in A-V/A values was 
there a normal blood sugar level at the beginning of the study. 

- Figure 3 summarizes the A-V/A data from the 19 patients. The median 
A-V/A. value rose to a peak within thirty minutes after the start of the 
insulin infusion, and then fell to the initial level. Glucagon caused a highly 
significant and sustained increase in A-V/A values. 

Tabie 2 shows data from all studies tabulated in the order of decreasing 
fasting arterial glucose concentrations. The data were analyzed to deter- 
mine the factors that influence the response of arterial glucose levels to 
combined glucagon-insulin infusion. It is apparent that there are at least 
3 factors: 1) the blood sugar level at the beginning of the study, 2) the 
blood sugar level just prior to administration of glucagon, and 3) the 
ratio of glucagon to insulin (G/I ratio) in the combined infusion. The fast- 
ing arterial glucose concentrations of the group which exhibited the 
stabilization response were significantly (P <.00i) greater than those of 
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Fig. 3. Summary of effects of insulin and of glucagon plus insulin on an index (A-V/A) 
of the specific rate constant for peripheral glucose utilization. 
Each point is the median value for 19 patients. 


the group showing the hyperglycemic response. In general, fasting arterial 
glucose levels above 170 mg. per 100 ml. were associated with the stabiliza- 
tion effect, whereas those below 170 mg. per 100 ml. were associated with 
a hyperglycemic response. A similar statistical analysis was applied to the 
arterial glucose levels just before administration of glucagon. This revealed 
the same highly significant relationship that was observed using the fast- 
ing arterial glucose concentrations. Glucagon/insulin ratios greater than 
0.90 always resulted in a hyperglycemic response even though the fasting 
blood sugar level exceeded 170 mg. per 100 ml. When this ratio was less 
than 0.90, the level of fasting blood sugar determined the response. The 
effect of G/I ratios less than 0.26 was not studied. 


DISCUSSION 


The observations reported here indicate that in the diabetic patient 
glucagon and insulin together increase the specific rate constant for periph- 
eral glucose utilization significantly more than does insulin alone. The 
response in the diabetic, though somewhat less in magnitude, follows a 
pattern similar to that previously reported (1) in the normal subject, 7.e., 
a rise in A-V/A values to a peak level in twenty minutes, and persistence 
of the effect for the duration of the study. In contrast to the response in 
the normal subject, the response in the diabetic appears to be partially 
dependent upon the fasting blood sugar level. A significant increase in 
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TABLE 2. THE EFFECT OF GLUCAGON-INSULIN MIXTURES 
ON ARTERIAL GLUCOSE LEVELS 


Patient & 
age (yrs.) 


Classifi- 
cation 
of 
diabetes* 


Glucagon 
(ug./min.) 


Insulin 
(ug./min.) 


Fasting 
arterial 
blood 
sugar 
(mg./100 
ml.) 


Responset 


2 
.0 
A 
4 
2 
9 
4 
9 
2 
.0 
.0 
2 
4 
5 
9 
3 
6 
6 
2 
5 
4 
2 
5 


HORA TOR WTR RRO RR OR 


448 
400 
392 
315 
270) 
257 
248 
229 


* Classification: =Severe. 

++ =Moderate. 
+ = Mild. 

+ Ratio (by weight) of glucagon to insulin in the combined infusion. 


t S=stabilization; H =hyperglycemia; D = hypoglycemia. 


JK. 62 +++ 41 
W.W. 48 57 ++ .26 a: 
JK. 49 62 +++ 44 
CH. 27] 60 | +++ 28 
J.B. 33 58 ++ 47 _ 
J.B. 43 63 ++ .29 
LS. 62 69 + .48 
N.T. 63 63 ++ .63 227 
JS. 65 ++ 1.19 223 
D.S. 30 69 +++ .40 207 iy 
D.A. 57 61 + .95 205 i 
ES. 64 67 +- 1.24 180 be 
57 | 177 
N.D. 22 63 171 
K.A. 65 63 ++ 168 
JP. 48 81 + .35 161 ee 
J.C. 30 56 51 152. 
R.H. 26 71 +++ .29 152 i 
H.B. 61 76 ++ 31 140 
H.G. 48 61 +++ .33 137 : = 
F.M. 70 52 ++ .48 135 ee 
G.S. 29 66 .30 130 
W.D. 35 90 + .76 125 ae 
E.F. 53 63 +++ .34 118 
C.C. 83 +++ .46 118 
W.K. 24 84 +++ 47 110 
26 82 +4++4+ .39 105 
F.T. 68 69 + 31 102 
C.C.. 20 83 +++ .30 98 
R.H. 27 59 +++ 1.22 95 ae 
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glucose utilization was frequently observed when the fasting arterial 
glucose level exceeded 120 mg. per 100 ml., but was observed only occa- 
sionally below this level. This effect does not appear to be dependent on 
the severity of the diabetes, for it was observed in cases of all degrees of 
severity. 

The response of arterial glucose levels to a combined glucagon-insulin 
infusion appears to be influenced primarily by the fasting blood glucose 
concentration, and secondarily by the ratio of glucagon to insulin in the 
infusion. Neutralization of the opposing action of the 2 hormones on ar- 
terial glucose levels (stabilization) was observed consistently when the 
fasting arterial glucose concentration was above 170 mg. per 100 ml., 
provided the G/I ratio was between 0.26 and 0.90. The hyperglycemic 
effect of glucagon predominated when fasting arterial glucose levels were 
less than 170 mg. per 100 ml. or when the G/I ratio was above 0.90. Al- 
though the arterial glucose response was related (significantly) to the 
arterial glucose level just prior to administration of glucagon, as well as 
to the fasting arterial glucose concentration, the latter is considered more 
important because it is less dependent on the experimental conditions. 
The effect of G/I ratios below 0.26 was not studied; presumably there 
would be a predominance of the hypoglycemic effect of insulin. 

_ It was previously postulated from observations in normal subjects that 
glucagon and insulin combined might serve as a means for maintaining 
the constancy of blood glucose and liver glycogen levels despite increased 
peripheral utilization of glucose (1, 10). The present findings in the 
diabetic lend further support to this hypothesis. They also suggest certain 
therapeutic possibilities. Since glucagon is most effective in stabilizing 
blood sugar concentration and increasing peripheral glucose uptake when 
the blood sugar level is above 170 mg. per 100 ml., it might prove useful 
in the treatment of impending or actual diabetic acidosis. Because it ef- 
fectively counteracts the hypoglycemic action of insulin, it should relieve 
insulin reactions; and, indeed, this has recently been shown to be so (11). 
Thus, it appears that glucagon is most likely to be of value in the treat- 
ment of acute derangements of diabetic control, whether they be hyper- 
glycemic or hypoglycemic in nature. 
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ABSTRACT 


An interstitial-cell tumor of the testis with estrogen activity is reported. 
Evidence for estrogen secretion was based on clinical grounds as well as on a 
study of steroid excretion. The function of both the tubular and the endocrine 
apparatus of the testis was apparently suppressed as a result of the production 
of estrogen by the tumor. There was a return to normal function after removal 
of the tumor. The literature on the subject is reviewed and discussed. 


NTERSTITIAL-CELL tumors of the human testes associated wi h 
feminization are not a common finding. Up to the time of this review 7 
cases were reported in the literature. Although some objections may be 
raised as to the histologic identity of some of these tumors, a summary 
of these case reports together with that of our own patient will be pre- 
sented. No attempt has been made to discuss interstitial-cell tumors as 
an entity, since there are many reviews to be found in the literature (1-4). 
However, the evidence for estrogen production by the interstitial cell, both 
in the laboratory and clinically, is of great interest and deserves re- 
evaluation in the light of recent studies of steroid biosynthesis in the 
gonad. 

For some time it has been known that the testis is a source of estrogenic 
substance. In 1934 Zondek (5) showed that the stallion excreted greater 
quantities of estrogen than did the pregnant mare. He also showed that 
this production was dependent on the presence of the testes. Since that 
time Goldzieher and Roberts (6) have identified estradiol in the human 
testis, and other investigators have shown the synthesis of estradiol from 
labeled acetate in both normal testicular tissye and testicular tumors (7, 
8). The metabolic conversion of testosterone to estradiol in the human has 
been demonstrated in vitro and in vivo (9-11). 

The source of the estrogen produced by the testis has been thought to 
be the Sertoli cell. Evidence for such production has been established by 
feminization accompanying Sertoli-cell tumors in the capon (12), dog (18, 


Received March 6, 1958. 
* This work was supported by a grant (EDC 43) from the American Cancer Society. 
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14), and human subject (15). Estrogenic substances have been extracted 
from Sertoli-cell tumors in dogs. The frequent presence of lipoid inclusions 
in the Sertoli cell has been taken as further evidence of the production of 
estrogen by this cell (13, 15, 16). However, this material could not be 
identified as estrogen (17). Increased estrogen levels have also been found 
in the presence of granulosa-cell tumors of the testis (18), and a large 
number of cases of gynecomastia have been reported in association with 
choriogenic tumors of human testes (19). Gynecomastia has, in fact, been 
reported as developing during prolonged oral administration of methyl- 
testosterone (20). 

On the other hand, the production of androgen by the interstitial cells 
of Leydig has long been accepted. Interstitial-cell tumors of the testes are 
usually androgenic and may cause precocious puberty if they occur pre- 
pubertally (2, 3, 4, 21). However, there is some evidence that the inter- 
stitial cell may produce estrogen as well. Nelson (22) reviewed the status 
of the testes in 5 “females” with testes. No spermatogenesis occurred in 
these patients. In 3 cases the Sertoli cells were essentially undifferentiated, 
and in the remaining 2, they appeared normal. All 5 showed numerous 
fully differentiated Leydig cells. An extratesticular source of estrogen was 
discounted, since removal of the gonads resulted in a decrease in estrogen 
excretion and symptoms of estrogen withdrawal. He concludes, ‘‘If estrogen 
was being produced by these gonads the site of secretion is more likely to 

have been the Leydig cells than the Sertoli cells.’ Other authors (Jones 
(23), and Maddock and Nelson (24)) have attempted to correlate an in- 
crease in Leydig cells with increased estrogen excretion in the human male. 
They conclude that the Leydig cell is the most likely source of estrogen 
production in the testes and that estrogen is probably produced primarily 
by the cell and not as a breakdown product of androgen. Further indirect 
evidence was presented by Keye (25), and Cooper and Hoen (26), who 
pointed out that gynecomastia is frequent in patients with traumatic and 
degenerative lesions of the spinal cord associated with Leydig-cel! hyper- 
plasia. Estrogen excretion was studied and claimed to be high in these pa- 
tients. 

Two feminizing interstitial-cell tumors have been reported in dogs 
(27, 28). In Laufer and Sulman’s case (28), hormone studies were made on 
both the tumor and the urine. Bioassay of the tumor yielded values of 
1000 1.u. of estrogenic hormone per gram. Histochemical studies on 
metastases of the tumor seem to confirm the presence of estrogen in the 
cells. Urinary FSH was reported as less than 50 R.v. per twenty-four hours; 
17-hydroxysteroids were normal in amount; 17-ketosteroids were decreased ; 
and estrogen excretion was 1000 1.v. per liter. They interpreted their 
findings as confirming the primary production of estrogen by the inter- 
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TABLE 1. INTERSTITIAL-CELL TUMORS OF THE TESTIS 
WITH GYNECOMASTIA 


Age of Urinary 
patient Libido gonado- Other hormones Remarks 


(yrs.) tropin 


Reference Yea) 


See Budd (31). 


Hunt & Budd 1939 42 Decreased | Pos. by Estrogen, 20 m.v./1.73 Gm. 
(32) Zondek test | tumor tissue 


Huffman (33) 1941 6 Neg. by Increased development of 
Friedman genitalia. 
test 


No decrease in size of 
breasts 24 yrs. postop. 


Nation et al. (34) 


Grabstald et al. Normal results with liver 
(35) Friedman function tests. Hypercho- 
test lesterolemia. Died of cor- 
onary disease 1 yr. later. 


Urinary estrogen, 4.7 gam-’| Libido greatly increased 
normal ma/24 hrs. postop. 17-KS, | postop. Breasts regressed 
12.3 mg./24 hrs. postop. to normal in 15 mos. 


Transitory bilat. gyneco- 


Christenson & 1952 76 
mastia. 


Nettleship (37) 


Eisenstadt & Urinary estrogen, 60 mg.* | 17-OH corticoids & cor- 
Petry (38) mal preop.& 20 mg.* postop. (nor- | ticosteroids normal. 

mal 4-30/24 hrs.). 17-KS, 13.5 
mg./24 hrs. (normal 9-22) 


* Reported as mg. by Eisenstadt and Petry. 


stitial cells, rather than the conversion of androgens to estrogens. 

Seven cases of interstitial-cell tumors associated with feminization are 
summarized in Table 1. The cases of Szabo (29) and of Monaschkin (30) 
were not included, since there seemed to be more than reasonable doubt 


as to the histologic diagnosis. 


CASE REPORT 


A 20-year-old, married, white male college student was admitted with the chief 
complaint of bilateral enlargement of the breasts of four to five months’ duration. 

Present illness: Four months prior to admission the patient noted some swelling of 
his left breast, followed one month later by enlargement of his right breast. Both 
breasts were tender and on occasion secreted a cleaf colorless fluid. One month prior 
to admission he also noted a decrease in libido and some difficulty in attaining and 
maintaining an erection. Intercourse, when it occurred, resulted in ejaculation. Exam- 
ination at this time revealed a small mass in the right testis. 

Past history: Infectious mononucleosis six months prior to admission. 

Family history: Noncontributory. 

Physical examination: The patient was a well nourished, slightly obese white male 
with a blood pressure of 128/90 and pulse of 110. There was bilateral gynecomastia, 
(left breast larger than the right) with enlarged nipples and firm glandular tissue, 
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tender on palpation. No discharge could be elicited at the time of admission. Examina- 
tion of the genitalia showed a normal uncircumcised penis, and testes of normal size 
and consistency with a small hard nontender mass measuring about 0.75 cm. in diameter 
at the upper pole of the right testis. The remainder of the physical examination revealed 
nothing abnormal. 

Laboratory data: Serologic tests yielded negative results. The hematocrit reading 
was 48; the white blood cell count was 16,600 per cu. mm., with a normal differential; 
and the eosinophil count was 106 per cu. mm. The urine was normal on routine examina- 
tion. The glucose tolerance curve was normal. X-ray examination of the chest, a meta- 
static series, and an intravenous pyelogram revealed nothing abnormal. A blood culture 
showed no growth. Serum non-protein nitrogen and electrolyte levels were normal. 
Serum bilirubin concentration was 0.12 mg. (one-minute) and 1.36 mg. (total) per 


TABLE 2. URINARY 17-KETOSTEROIDS AND ESTROGENS 


Postoperative 
Urinary steroid Preoperative value/24 hrs. hrs 


Epiandrosterone and dehy- 
droepiandrosterone 2.2 mg. 0.9 mg. 


Androsterone 1.2 mg. 1.9 mg. 


Etiocholanolone 2.9 mg. 5.0 mg. 


11-Oxy 17-keto steroids 1.8 mg. 1.9 mg. 


- Estriol 15.7 gamma (normal male, 8.2 gamma) | not determined 


Estrone 6.6 gamma (normal male, 7.0 gamma) not determined 


Estradiol-178 3.2 gamma (normal male, 1.1 gamma) | not determined 


100 ml. Bromsulfalein retention was 1.2 per cent at one hour. Cephalin flocculation 
was 2 plus, thymol turbidity 1 plus, and the serum alkaline phosphatase level was 4.9 
Bodansky units per 100 ml. The urine contained no bilirubin, and 0.39 Ehrlich unit of 
urobilinogen per twenty-four hours. 

Endocrine studies: The serum butanol-extractable iodine level was 5.9 ug. per 100 
ml. The titer of urinary chorionic gonadotropin was negative at 750 I.v. per twenty- 
four hours, and that of FSH was positive at 13 and negative at 52 m.u. per twenty-four 
hours. 

Urinary steroids: Urine was collected in two 48-hour pools prior te strgery and three 
months postoperatively. Urinary estrogen determinations were made by Professor Bauld 
in Montreal. Fractionation of 17-ketosteroids was carried out on 24-hour urine aliquots, 
following beta-glucuronidase hydrolysis at pH 4.5 and continuous extraction at pH 1 
and 2N H.SO, for five days, using an alumina column and a gradient elution system (39). 
Final identification of androsterone and etiocholanolone was obtained by infrared spec- 
trophotometry. The results of these studies are indicated in Table 2. 

Operation: Right orchiectomy. 
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Gross pathology: Grossly, the testis ap- 
peared normal. A firm nodule measuring 1 
em. in diameter was palpated at the distal 
pole. This appeared to be a well circum- 
scribed tumor; the cut surface was reddish- 
brown (Fig. 1). 

Histology of the testis: The tubular ap- 
paratus was of normal configuration, with- 
out fibrosis or hyalinization. There were nor- 
mal numbers of Sertoli cells containing oc- 
casional vacuoles. Spermatogenesis was 
markedly decreased in all sections; there 
were very few spermatids and only occa- 
sional spermatozoa. The Leydig cells ap- 
peared to be decreased in number, and ex- 
hibited marked vacuolization, few granules 
and no crystalloids (Fig. 2). 

Histology of the tumor: The tumor was 
lightly encapsulated and was made up of 
densely packed polyhedral cells, with a large 
round or oval nucleus and _ acidophilic 
cytoplasm. One or two prominent nucleoli 
were present within each nucleus, and the 
cytoplasm of many of the cells tended to be 
vacuolated. The cells and cell nuclei were © 
uniform in size, without mitotic activity. 
No crystalloids or intracellular pigments 
could be identified. The stroma of the tumor 
was composed of thin-walled capillaries with 
their surrounding connective tissue. No 
areas of necrosis, fibrosis or hemorrhage were 
observed. 

In summary, the histologic picture was 

Fia. 1. Cross-section of testis and tumor. that of an interstitial-cell tumor of the testis 
(Fig. 3). 

Progress notes: Following orchiectomy, the patient had an uneventful recovery. 
His condition was satisfactory during the next year, except for complaints of premature 
ejaculation. The gynecomastia slowly receded within nine months after operation. At 
this time the sperm count was normal and the patient’s wife conceived. 

DISCUSSION 


On the basis of both clinical and laboratory evidence, this apparently was 
an estrogen-producing tumor of Leydig-cell origin. There is good reason 
to believe that the interstitial cell, under normal circumstances, is the 
major source of testicular androgen. However, the work of recent years has 
shown that steroid biosynthesis is a stepwise procedure and that the 
secretory end-product is obtained by gradual enzymatic transformation of 
a precursor. This applies to adrenal (40), testicular (11) and ovarian tissue 


838 
A 
| 
AS 
é 
in 


Figure 3 


Fig. 2. Microscopic section of testis (H and E stain). 
Fig. 3. Microscopic section of tumor (H and E stain). 


.tumor. 


of the tumor, and to Professor Bauld for determination of urinary estrogens. 
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(41), the suggested pathway being progesterone—17-hydroxyprogesterone 
—androgen—estrogen. The morphologic concept of one particular type of 
cell being the source of production of one type of hormone is therefore 
becoming rapidly obsolete. The presence of enzymatic defects (as seems 
to exist in congenital adrenal hyperplasia) offers a much better explanation 
for an unexpected histologic finding such as that in the present case. 

Although urinary estrogen excretion was only slightly above normal, 
the pronounced acute gynecomastia, the apparent inhibition of the tubular 
apparatus of the testis with decreased spermatogenesis, as well as the de- 
crease in libido and coital power, supports the concept of estrogenic ac- 
tivity of the tumor. 

The results of the study of urinary 17-ketosteroids are of particular in- 
terest. The excretion of beta 17-ketosteroids was elevated preoperatively. 
An increase of urinary dehydroepiandrosterone following administration 
of estrogen has been reported in the literature (42) and has been con- 
firmed in our laboratory. Before removal of the tumor, the excretions of 
androsterone and etiocholanolone (the urinary metabolites of testosterone) 
were about one third of the postoperative values, whereas the excretion of 
11-oxy 17-ketosteroids was unchanged. This strongly suggests suppression 
of normal testicular endocrine function by the estrogens secreted by the 
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STUDIES ON THE BIOLOGIC CHARACTERIZATION 
OF HUMAN GONADOTROPINS. I. HUMAN 
PITUITARY GONADOTROPIN FROM URINE 
OF NORMAL MEN, AND POSTMENOPAUSAL 

AND CASTRATED WOMEN* 


A. ALBERT, M.D., SHIRLEY KELLY anp JOAN KOBI 
Mayo Clinic and Mayo Foundation, Rochester, Minnesota 


ABSTRACT 

Human pituitary gonadotropin (HPG) was prepared from urine of men 
and of postmenopausal and castrated women by the kaolin-acetone procedure. 
These 3 preparations were tested by four-point to ten-point assays, using 
2 to 5 animals per point. In addition, HPG prepared by ultrafiltration of 
urine. of castrated women was tested. The assay system employed was the 
simultaneous response of the ovary and uterus of the immature rat. The para- 
meters of the assay system consisted of the slopes of the ovarian and uterine 
responses and the dose ratios obtained from the intercepts of the ovarian and 
uterine dose-response curves at both the control value and at a level equal 
to 100 per cent more than the control value. It was found that the parameters 
for HPG prepared from the urine of males and of postmenopausal and cas- 
trated women by the same process did not differ. Furthermore, the same para- 
meters were found for HPG prepared from urine of castrated women by 2 
different methods. 


HE nature of the pituitary gonadotropic material in human urine | 
(HPG) is perplexing. Most observers agree that appropriate extracts 
of urine from nonpregnant human subjects elicit the biologic responses 
that are characteristic for follicle-stimulating hormone (FSH) and luteiniz- 
ing hormone (LH) prepared from the pituitary glands of stockyard animals 
(horse, sheep, pig and steer) (1). However, this does not necessarily mean 
that the human pituitary secretes these 2 gonadotropic hormones or that, 
if it does, FSH and LH are excreted in the urine as separate principles. 
The suggestion has been made (with some indirect supporting evidence) 
that human urine contains 1 gonadotropic molecule possessing the activity 
of both FSH and LH in constant proportion (2). 
This complex problem has been studied in several ways. First, attempts 
have been made to separate 2 fractions from concentrates of human urine, 
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one with FSH and another with LH activity. Depending on the nature of 
the separation, such an achievement might well be conclusive evidence 
that 2 free gonadotropic hormones are present. In general, these attempts 
have failed. However, this negative evidence is not conclusive, since, if 2 
separate principles actually were present, it would be justifiable to take 
the position that critical conditions for their separation may not yet have 
been discovered. 

Secondly, concentrates from the urine of patients with various endo- 
crinopathies have been studied by 2 assay methods, one supposedly meas- 
uring FSH and the other supposedly measuring LH. The assays generally 
chosen have been the method involving the weight of the mouse uterus, 
which is commonly (but probably erroneously) regarded as a test for FSH, 
and the technic involving the weight of the ventral portion of rat prostate, 
generally regarded as a specific test for LH. If these 2 assays measure FSH 
and LH, respectively, the results obtained in the endocrinopathies studied 
would indicate that the proportion of these 2 hormones remains constant 
(2). However, it has been pointed out (1) that certain endocrinopathies 
(pubertal delay, arrest of puberty, fertile eunuchs) which most likely could 
show a dichotomy of FSH and LH activities have not been investigated.’ 
Apart from this deficiency, it is not certain that the 2 methods mentioned 
represent specific tests for FSH and LH. 

A third approach, which is a variant of the second, entails testing HPG 
prepared from the urine of men and of women by a wide variety of assays. 
A semiquantitative study of this sort recently has been reported by 
Hamburger and Johnsen (3), who assayed HPG concentrates from the 
urine of men and postmenopausal women using uterine and ovarian weight, 
follicle stimulation and corpus-luteum formation in immature female mice; 
follicle stimulation, corpus-luteum formation and stimulation of the 
ventral prostate in hypophysectomized rats; and spermiation in male 
toads. They concluded that human urine contains both FSH and LH, that 
absolutely and relatively more FSH is present in postmenopausal urine 
than in the urine from young and middle-aged men, and that male urine 
contains more LH than does postmenopausal urine. Their conclusion that 
2 hormones are present in differing proportions may be debatable. Con- 
clusions that depend on ratios of activitie’ must be based on rigorous 
quantitative assays, and it is not certain that the assays were sufficiently 
rigorous, or that the results were subjected to sufficiently rigorous statis- 


tical analysis. 


1 Dr. A. Paulsen, Wayne State University, in reading the manuscript, suggested that 
Del Castego’s syndrome (Sertoli’s cells only) may represent another endocrinopathy 
in which dichotomy of FSH and LH activities may be present. 
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Thus, it is apparent that critical and conclusive information is not 
available from any of these 3 approaches to this complex problem. 

The present study was initiated as the first of a series to characterize 
human gonadatropins by quantitative methods. In addition, the data re- 
ported have bearing on the question of whether qualitative differences 
exist in the gonadotropic activity of urine of men and women. These data 
are limited to an analysis of the simultaneous response of the uterus and 
ovary of the intact rat to HPG in the urine of men and of postmenopausal 
and castrated women. 


MATERIALS AND METHODS 


Eight 24-hour collections of urine from a healthy postmenopausal woman were proc- 
essed by the kaolin-acetone method previously described (1, 4). The gonadotropic pre- 
cipitate was dissolved in 24 ml. of water and appropriate dilutions were made for assay. 
Two assays of male urinary HPG were conducted using the provisional standard 
(AMW) prepared by the kaolin-acetone method from pooled urine of normal men (5). 
For urine of castrated women, 2 preparations were available; the first was a batch of 
urine collected by a castrated woman and processed by the same method as were the 
male and the postmenopausal urines (2), and the second was a preparation furnished by 
Dr. W. O. Maddock that was made by ultrafiltration of the pooled urine of several 
castrated women. 

The various preparations were tested in 21- to 23-day-old female rats of the Sprague- 
Dawley strain by a technic previously described (4). Four to 10 doses of HPG from each 
source were given to groups of rats, each group containing from 2 to 5 animals. The 
mean ovarian and uterine weight obtained was plotted on semilogarithmic paper and 

the pertinent parameters of the response (slope, b; lambda, \; variance, s) were cal- 
culated according to the method of Borth and associates (6). 


RESULTS 


The data are presented in the accompanying 9 figures. The points on the 
curves were fitted visually, since an algebraic analysis for the position of 
the line was deemed unnecessary for easily fitted, dose-response curves 
with slopes greater than 100. From each curve of uterine and ovarian re- 

- sponse, 2 values were extrapolated: (a) the dose at which the ovarian and 
the uterine line respectively intercepted the control value in animals not 
receiving HPG, or receiving noneffective doses, and (b) the dose at which 
a 100 per cent increase occurred in the weights of ovary and uterus over the 
respective control values. The ratio of the doses (ovary/uterus) for the 
intercept at the control level and for the intercept at the value representing 
100 per cent more than the control level was determined. 

The first 6 figures represent 8 assays on different specimens of urine 
from the same postmenopausal woman. Figure 1 shows that the various 

doses selected yielded sufficient points for calculation of the ovarian re- 

sponse but not enough for the uterine response. Figures 2, 3 and 4 likewise 


a 

a 
jose 

3 
\ 


A. ALBERT, SHIRLEY KELLY AND JOAN KOBI Volume 18 


ee FEMALE (POSTMENOPAUSAL) URINE 
140}. FEMALE (POSTMENOPAUSAL) URINE a (Age 54 yr-3 yr amenorrhea) 
(Age 54 yr amenorrhea) 130}- 
130 Assay No.3 *Ovory © Uterus 
= '2°PAssoy No 4 @Ovary SUterus 2 
Assoy No2 Ovary aUterus = a 
100 a ° a 4 
140 225 142 A014 0.08 0.04 0.03 
gol A 009 018 0.24 0.30 a 2 so} S192 103 126 69 
$976 256 541 431 / 
(2 rots per dose) / 2 (3-4 rots per dose) 
i 
30 Uterus © Uterus 
Intercept ot Not Intercept at No.3 Nos 
: S 20% Control 15 14.7 20r Control 16 1.4 
= 100% >Dcontrol 16 15 100% > control 17 1.4 
0.8 ad 6.0 04 05 1.0 2.0 4.0 
tours of urine Hours of urine 


Figure 1 Figure 2 


~| FEMALE (POSTMENOPAUSAL) URINE 
140 130 «(Age yr-3 yr ,amenorrhea) 


FEMALE (POSTMENOPAUSAL) URINE 


120 (Age yr amenorrhea) | Assay No.6 ° 

90}- 1 
BO A O13 0.18 

a 80}- $1.1 313 e 

; 4 70- / 


83283 / 


/ 
A013 008 / (2-3 rots 


Average uterine or ovarian weight- mg. 


60 5 10.7 25 sol. per dose) / 
50}- / 

_ (2-3 rats 0 / Ovary 
40 / Dose ratio ——— 
per dose) / Dose ratio sel- / Uterus 

Intercept at No.5 Intercept at No6é 
Control 1.5 Control 1.8 
10}- 100% > control 1.7 10K 100% >control 2.0 
01 02 04 06 0810 15 20 30 0.4 0.2 04 06 0810 15 20 3.0 
Hours of urine Hours of urine 


Figure 4 


Figure 3 


330 FEMALE (POSTMENOPAUSAL) URINE FEMALE (POSTMENOPAUSAL) URINE 
(Age 54 yr, amenorrhea) (Age 54 ye-3 ye amenorrhea) 
= ° = 
Ovary ° 100}- eQvary oUterus § 
b 88 230 3 b 430 279 
O11 0.09 / A 0.06 0.13 
10.0 20.7 / 72 36.3. 
s s 
a Intercept at No.7 Intercept at No. 
Be Control 2.0 Control 1.4 
100% > control 22 100% > control 1.5 
0.1 0.2 04 #06 0810 15 20 3.0 0.4 0.2 03 04 06 0.8 1.0 S 


Hours of urine 


Hours of urine 


Figure 5 Figure 6 


Figs. 1-6. Assays of HPG in the urine of a postmenopausal patient. 
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show the inadequacy of a dose interval of log 0.301 or less for an accurate 
analysis of the uterine response. Figure 6 shows a ten-pvint assay; the 
validity of the graphic fit of the points and of the intercepts calculated 
from the curve is evident. 

Figure 7 contains similar data on 2 assays (four and five points) of a 
concentrate from male urine. Because of limited amounts of the standard, 
doses were chosen so as to yield at least 1 point between no response and 
maximal response of the uterus. Figures 8 and 9 show data on concentrates 
prepared by 2 different methods from the urine of castrated women. These 
curves also demonstrate submaximal responses of the uterus. 


COMMENT 


In Table 1 are listed the mean pertinent values of the dose-response 
curves. Analysis by means of Student’s ‘‘?t’’ test showed that the values 
in any one vertical column did not differ from one another. Consequently, 
all similar values were averaged; that is, the mean for the ovarian slope 
for the 3 sources of gonadotropin, the mean for the uterine slope for the 3 
sources of gonadotropin, and so forth, were determined. The mean slope of 
the ovarian curve was 18 times its standard error, and that of the uterine 
curve was 13 times its standard error. Similar high ratios (M/SEM) oc- 
curred for the lambda values and for the dose ratios. These high M/SEM 
ratios show the high degree of uniformity of the data. 

These data do not provide evidence that 2 separate gonadotropins are 
- present in the urine of men and of postmenopausal or castrated women in 


TABLE 1. CHARACTERIZATION OF HUMAN PITUITARY GONADOTROPIN (URINE) 
BY PARAMETERS OF DOSE-RESPONSE CURVES 


Dose ratios 
Ovary Uterus intercept at: 


Source of urine No. of 100% 
assays 
Xt b+ | Control) than 


control 


Postmenopausal 8 0 : 1.6 1.7 
Male 2 98 0 250 0.09 £5 1.9 
Castrated women 3 104 0 267 0.08 2.0 2.1 
Mean 108 0.11 247 0.11 $27 1.8 
SEMt 0 0.0 0.0 


* b= Mean slope. 
+ \= Mean index of precision. 
t SEM =Standard error of mean. 
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MALE URINE 
(AMW. stondord) 
Assay No.9 *QOvary oUterus / 
No.10 SO0vory SUterus i 


Dose ratio ae 
Uterus 
Intercep! at No.9 No10 
Control 13 
100% > control 18 


Average uterine of ovarian weight- mg. 


On y 5.0 10.0 20.0 30.0 
Mg.- AMW 


Two assays of HPG prepared from urine of men. 


FEMALE (CASTRATE) URINE 
(1955 - age 65 ye - 20 yr. postcastration) 


4 
Assoy Not © Ovory Uterus 
Assay No.12 4 Ovary SUterus 


b 95 96 213 
A 0.08 0.16 0.11 0.08. 4 
79 15.4 25.9 17.7 


S38 38 


(5 rots per dose) 


Ovary 

4 Dose ratio Uterus 
Intercept ot 
Control 2.3 2.2 
100% > control 2.4 
os 10° «14.5 30 5.0 


Mg. urinory concentrate 


Averoge ulerine or ovarian weight -mg. 


“T 


Fig. 8. Two assays of HPG prepared from urine of a castrated 
woman by the same method involved in Figures 1 through 7. 


FEMALE (CASTRATE) URINE 
(Ultra filtration method - O.WU. standord) 


Assay No.13 
eOvary oUterus 


Dose ratio 


Intercept 
Control 
100% > control 


Average ulerine or ovarian weight-mg. 


10 
Mg. urinary concentrate 


Fig. 9. Assay of HPG prepared from pooled urine of 
castrated women by ultrafiltration. 
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different relative or absolute proportions. Neither do they constitute evi- 
dence that 2 separate gonadotropins are not present in human urine, in 
the same or differing proportions. Many other assay systems must be 
studied by similar quantitative methods. If all systems yield a result simi- 
lar to that of the present method of assay, the weight of the evidence would 
only then be sufficient to make it unlikely that urinary -gonadotropin of 
men differs from that of women. Apart from their bearing on this question, 
the present data serve to characterize one human gonadotropic material 
(HPG, urine)—a characterization that will be more evident when com- 
parison with other human gonadotropins is considered in subsequent re- 
ports. 
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EFFECT OF ORAL AND INTRAVENOUS 
COBALTOUS CHLORIDE ON 
THYROID FUNCTION 
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The Isotope Laboratory of the Lenox Hill Hospital, New York and the Radioisotope 


Service of the Veterans Administration Hospital, Bronx, N. Y. 
ABSTRACT 


Following oral administration of cobaltous chloride (37.5 mg. of cobalt per 
day) for more than ten days, there was marked depression of thyroidal ['*! up- 
take at half an hour and at twenty-four hours, in 2 of 4 patients. In 1 of these 
subjects, half an hour after administration of I'*!, thyroidal radioactivity was 
discharged almost completely by 1.0 Gm. of NaSCN intravenously. In 1 of 2 
subjects who received both oral and supplemental intravenous cobalt, early 
thyroidal uptake was depressed and the thyroidal radioactivity accumulated 
at sixteen minutes was discharged by NaSCN. In 3 of 6 subjects receiving intra- 
venous cobalt immediately before, and in some cases immediately after 
intravenous I'*!, there was a depression of early thyroidal uptake and partial 
discharge of accumulated thyroidal I'*! by NaSCN. These results demonstrate 
that the action of cobalt is to block organic binding of radioiodide by the 
thyroid. 

Results of distribution and excretion studies of Co®Cl,, with and without 
carrier, in human subjects suggest that under load conditions only about 10 
per cent of the administered dose is absorbed. Variations in absorption and 
in blood and thyroidal cobalt levels may account for the conflicting reports 
concerning the effect of therapeutic dosages of cobalt on thyroid function in 
human subjects. 

Results of studies with CoC}, in rats yielded no evidence for concentration 
of cobalt by the thyroid to an extent significantly greater than could be ac- 
counted for by the plasma content of the gland. 


EVERAL conflicting reports (1-4) have appeared concerning the 
effect of therapeutic dose levels of cobaltous. chloride! on thyroid 
function in human subjects. Kriss, Carnes and Gross (1) and Roche and 
Layrisse (2) noted that orally administered CoCl, produced consistent de- 
pression of the thyroidal uptake of I'*!, whereas Jaimet and Thode (3) and 
Holly (4) observed no effect on thyroid function at similar dose levels. 


Received March 1, 1958. 
1 Cobaltous chloride is usually administered as the hydrate (CoCl,-6H,O). In the 
text, the quantity of the administered hydrated drug and its cobalt content will be 
distinguished, although the terms CoCl, and cobalt will be used interchangeably. 
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In the present study, it has been observed that both acute and chronic 
administration of CoCl, may affect the thyroid function of euthyroid and 
hyperthyroid subjects by interference with organic binding of iodide. The 
possible relationship of the low and variable absorption of large oral doses 
of CoC}; to its effect on thyroid function is also considered. 


METHODS 


The effects of cobalt on thyroid function were studied in 10 euthyroid and 5 hyper- - 
thyroid adults. The urinary and fecal excretions of cobalt labeled with Co* following 
oral administration to 2 normal subjects and its distribution and excretion following 
intravenous administration to 2 normal subjects were also determined. 

The effect of cobalt on thyroid function was evaluated, using I"! tracer tests. Iodine 
was administered intravenously as Nal'* and thyroidal radioactivity was assayed by 
continuous counting over the neck for thirty to sixty minutes with a shielded bismuth- 
walled Geiger counter. Correction for extrathyroidal radioactivity was made accord- 
ing to methods described previously (5, 6). In patients receiving only oral CoCl:, the 
thyroidal uptake of I'*! at twenty-four hours was also measured. In some cases 0.5 or 
1.0 gram of sodium thiocyanate was administered intravenously to determine its effect 

-on the dischargeability of thyroidal I'*! accumulated by subjects receiving oral or 
intraverious CoCl.. 

To assess the effect of prolonged administration of cobalt, a control thyroidal up- 
take study was performed, including a determination of both the initial half-hour and 
24-hour thyroidal I'*! uptakes. Thereafter, for a period of six to twenty-five days, the 
subjects received gelatin capsules containing 50 mg. of CoCl, (12.5 mg. of cobalt) three 
times a day after meals. The study was repeated one day before the last dose. Two sub- 
jects (J.Hu. and G.K.) received supplementary CoC}, (1.5 and 2.0 mg. of cobalt, respect- 
tively) by continuous infusion at the rate of 0.08 mg. of cobalt per minute. The infusions 
were started six (J.Hu.) and twelve (G.K.) minutes, respectively, before intravenous 
administration of 

The effects of acute administration of CoCl, were studied in the following manner: 
A control thyroidal I'** uptake was obtained a few days prior to the administration of 
cobalt. The CoCl, was infused at the rate of 0.08 mg. of cobalt per minute for various 

‘periods directly before, and also in most cases immediately after, the intravenous ad- 
ministration of I, The thyroidal uptake of radioactivity was continuously assayed as 
before. One subject (M.D.) received the infusion at a rate of 0.16 mg. of cobalt per 
minute. 

A dose of 2 microcuries of Co® was administered intravenously to each of 2 subjects. 
One received the dose without carrier and the other received 0.5 mg. of carrier cobalt. 
Several plasma samples were taken and complete urine collections were made for a 48- 
hour period. Radioactivity in 5-ml. samples of urine and plasma was assayed in a well- 
type scintillation counter with a sensitivity of 1.0 10° counts/minute/uc above a 
background of 240 counts per minute. 

Following oral administration of 50 mg. of CoCl, containing 2 we. of Co, urine and 
stool collections were made for seventy-two hours. The excretions were assayed for 
radioactivity in Marinelli beakers, containing 150-ml. specimens, placed around a 
columnar type scintillation crystal. This arrangement has a sensitivity of 2.0105 
counts/minute/uc Co® above a background of 90 counts per minute. 

To ascertain whether cobalt is concentrated by the thyroid, the counting rates 


‘ 
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directly over the arm and neck regions of 1 subject were determined at one hour and 
at twenty-four hours after oral administration of labeled CoCle. This method probably 
does not detect a thyroid/plasma Co concentration ratio of less than about 20:1. 
Therefore, 2 rats were given intraperitoneal doses of Co®°Cl». One animal was sacrificed 
one hour after an injection of a trace amount of labeled cobalt, and the other animal, 
two hours after 50 ug. of labeled cobalt. The concentrations of radioactivity in plasma, 
liver, heart, kidney and thyroid were determined. 


RESULTS 
Effects of CoClz on thyroid function 
Prolonged oral administration 


Of the 8 patients initially receiving oral CoCl., 2 discontinued the drug 
because of nausea and vomiting, and 2 others reported gastric distress. 
Six patients received the drug for six or more days; in 3 there was no effect 
on the thyroid, and in 3 thyroid function was depressed, as manifested by 


TABLE 1 


Effect of cobalt on thyroidal 
Oral uptake of ['3! 
Thyroid 37.5 NaSCN 15-min. uptake} 24-hr. uptake Toxic 
Subject | Sex mg./ i.v. 
day | Before| After | (Gm.) cobalt induced by}  ®Y' 
for ys a control pe- control| cobalt} NaSCN 
iod| period | period | during co- 
(days) | (mg.) | (mg.) | riod? 
1s (%) | (qm) | (%) | (%) |balt period 
U.P. M | Eu 10 5.2} 3.1] 587 35 | not det’d | 0 
J.H. M | Eu 13 1.7] 2.1] 29 30 | not det’d | 0 
J.B. M | Eu 14 0.6] 1.0] 24 20 | notdet’d | Mild gastric 
distress. 
' L.W. M | Hyper 1t Severe nausea; 
vomiting. 
E.D. F | Eu 1t Gastric distress. 
E.F. (a)| F | Hyper 21 12.5} 9.3] 62 18 | not det’d | Gastric distress. 
(b) = 25 1.0 9.5 complete 
J.Hu. F Hyper 6 0.5 1.0 1.0 28 24 0 0 
G.K. F | Eut 10 1.0 1.0 1.0 13.1 8.0 complete | 0 
M.E. F | Eu 0.5 0.5 5.2 2.2 partial 0 
K.B. F Eu 0.5 0.5 3.2 3.3 0 0 
M.D.(a)|} F | Eu 0.5 1.0 1.0 8.8 | 5.4 0 0 
(b) == 2.0 3.5 1.0 4.3 test dis- | Acute nausea; 
continued | vomiting. 
L.A. F | Hyper 0.5 1.0 1.0 11.8 | 11.1 |e 0 0 
E.Fe. F | Eu 0.5 0.5 1.0 6.5; 5.7 2? 0 
JL. M | Hyper 0.5 1.8 1.0 12.0 9.5 partial 0 
M.Do. | F | Eu 0.5 0.5 4.7143 0 0 


* Eu =euthyroid. Hyper =hyperthyroid. 
** A decrease in the 15-minute uptake of 20% was considered a significant depression by cobalt. 

+ Study discontinued. 

t G.K. was a previously treated hyperthyroid patient, clinically euthyroid at time of study. Immediately before the 
experimental period with cobalt a thyroid uptake study showed no evidence of even a partial block of binding, as is 
occasionally observed following radioiodine therapy. 


\ 
\ 
| | | | 
: 


August, 1958 EFFECT OF COBALT ON THYROID FUNCTION 853 


a decreased initial rate of thyroidal uptake of intravenous I" and, in 2 
of the patients, a smaller 24-hour uptake (Table 1). Typical cases in the 
responsive and non-responsive groups are shown in Figure 1. 

One subject of this series (E.F.) received 2 tracer doses of I'*! while 
undergoing cobalt therapy (Fig. 2). The first tracer study (Dose A) 
demonstrated a depressed thyroidal I'* uptake at thirty minutes and at 
twenty-four hours. The second study (Dose B) also revealed a depression 
of the early thyroidal uptake, and at thirty minutes virtually all of the ac- 
cumulated I'*! was discharged by 1.0 gram of thiocyanate (Fig. 2). 

Two subjects of this series received supplementary intravenous cobalt. 
In 1 of these (G.K.), the early uptake was depressed compared with the 
control (Table 1); and in the experimental period the thyroidal radioac- 
tivity was completely discharged following administration of 1.0 gram of 
sodium thiocyanate at sixteen minutes (Fig. 3). In the other subject 
(J. Hu.), cobalt failed to influence the early thyroidal uptake during the ex- 
perimental period (Table 1) and 1.0 gram of intravenous sodium thiocy- 

.anate caused no discharge of thyroidal I" at seventeen minutes (Fig. 3). 


% OF DOSE IN THYROID 
% OF DOSE IN THYROID 


20 30 
TIME IN MINUTES 


10 30 ° 
TIME IN MINUTES 

Fig. 1. Effect of oral CoCl, (87.5 mg. of cobalt/day) on thyroidal uptake of I'*!. a) J.H. 
Non-responsive subject. Radioiodine study started after 12 days of cobalt therapy. 
No depression of thyroidal uptake either at 3 hour or at 24 hours.b) U.P. Responsive 
subject. Radioiodine study started after 9 days of cobalt therapy. Marked depression 


of thyroidal uptake both at 4 hour and at 24 hours. 
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% OF DOSE IN THYROID 


TIME IN MINUTES 


Figure 2 Figure 3 


Fig. 2. Effect of oral CoCl, (37.5 mg. of cobalt/day) on organic binding of radiodide. 
Study A, started after 20 days of cobalt therapy, revealed a depression of both 3-hour 
and 24-hour thyroidal uptake of I'*!. Study B, 4 days later, showed a similar depression 
of early thyroidal uptake; at 3-hour virtually all of the accumulated I"! was discharged 
following intravenous administration of NaSCN. 

Fig. 3. Effect of daily oral and supplementary intravenous CoCl, (Table 1) on organic 
binding of radioiodide. In Subject J. Hu., there was no detectable inhibition of binding. 
At 17 minutes I'*' accumulated by the thyroid more than 1 minute before administration 
of NaSCN was not discharged. In Subject G.K., organic binding of I'' was virtually 
completely inhibited. At 16 minutes practically all of the accumulated thyroidal radio- 
activity was discharged by NaSCN. 


Acute intravenous administration 


Seven patients received a continuous infusion of CoCl, (0.5 to 5.5 mg. 
of cobalt) immediately preceding and following the intravenous adminis- 
tration of I'**, An effect of the drug on thyroid function was demonstrated 
in 4 of these subjects by depression of the early thyroidal uptake and/or 
partial discharge of thyroidal I'*' by thiocyanate (Table 1). Figure 4a 
shows typical thyroidal I'* uptake curves in Subject K.B., on whose 
thyroid cobalt had no effect; Figure 4b shows similar curves in Subject 
M.E. In the latter case, the curve obtained during the control study con- 
tinued to rise almost linearly for the first twenty minutes. The curve ob- 
tained after the subject had received intravenous cobalt reached its peak 
at about eight minutes and remained virtually constant for the next ten 
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Fig. 4. Effect of intravenous CoCl, (0.08 mg. of cobalt/min. for 6 minutes immediately 
preceding I'*! at time 0) on thyroidal uptake of I'*'. a) K.B. Non-responsive subject. 
There was no depression of early thyroidal I! uptake nor: was any of the thyroidal 
radioactivity discharged by NaSCN. b) M.E. Responsive subject. The early thy- 
roidal uptake pattern was typical of that observed with inhibition of organic binding 
of iodide. The thyroidal I'** uptake reached its peak at about 8 minutes and remained 
virtually constant for 10 minutes thereafter. NaSCN induced only a partial discharge 
of thyroidal radioactivity, perhaps because the dose (0.5 Gm.) was inadequate. 


minutes. The failure to demonstrate significant discharge of thyroidal 
radioactivity following administration of thiocyanate at eighteen minutes 
may have been due to use of an inadequate dose (only 0.5 Gm.) of thio- 
cyanate. 


Distribution and excretion of Co®Cl, in human subjects 


Following intravenous administration of Co Cl, (trace-labeled or with 
0.5 mg. of cobalt carrier), the 48-hour urinary excretions were 73 and 56 
per cent of the dose, respectively. In both subjects the renal clearances of 
cobalt during the first two hours averaged 10-12 ml. per minute. The dose 
given with carrier cobalt (equivalent to the lowest dose of unlabeled cobalt 
given in the acute thyroid function studies) was administered at the rate 
of 0.08 mg. of cobalt per minute for six minutes. In both subjects the ap- 
parent space of distribution of cobalt, fifteen minutes after intravenous 
administration, was 15 per cent of the body weight, and it increased only 
slightly during the next two hours. 

In 2 subjects, the excretions of Co® following oral administration of 12.5 
mg. of labeled cobalt were 8.3 and 4.8 per cent respectively in the three- 
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day urine specimens, and 66.6 and 48.6 per cent respectively in the three- 
day stools. In both cases the stool specimens were known to be incom- 
plete. From the data of this study and the data on excretion following intra- 
venous administration, it can be inferred that in these 2 subjects only about 
10 per cent of the administered dose was absorbed. 

In 1 subject in whom in vivo counting was performed there was no 
detectable concentration of Co in the thyroid at either one hour or at 
twenty-four hours. 


Animal studies 


In Table 2 are shown the concentrations of radioactivity in certain tissues 
relative to that in the plasma of 2 rats following intraperitoneal injection 


TABLE 2. TISSUE CONCENTRATION OF Co IN RATS 


Organ 2t 


Thyroid 0.19t 0. 
Heart 0.33 | 
Liver 2.05 
Kidney 3.01 3.09 


_ * Animal sacrificed 1 hour after intraperitoneal injection of carrier-free Co. 
+ Animal sacrifice 2 hours after intraperitoneal injection of 50 ug. of labeled cobalt. 
t Concentration of Co® relative to concentration in plasma. 


of Co®Cl,. The concentration of cobalt in the thyroid was considerably 
lower than that in the other organs studied, and was no greater than could 
be accounted for by the plasma content of the gland. 


DISCUSSION 


These results indicate that in some normal and hyperthyroid adult sub- 
jects administration of CoCl, interferes with thyroid function, as indicated 
by reduced early and 24-hour uptakes of intravenous I"!, That this inter- 
ference is with the conversion of iodide to the protein-bound form is dem- 
onstrated by the dischargeability of thyroidal I'*' with sodium thiocyanate. 
Whether this effect is related to findings in the biochemical studies of 
Kirkwood and Faweett (cf. 3)—that the thyroid enzyme, tyrosine iodinase, 
is inhibited in a cell-free thyroid homogenate by 10-* M cobalt—is not 
clear. Kriss, Carnes and Gross (1) reported that the block of thyroid func- 
tion was coincident with measured serum concentrations of about 750 
ug. of cobalt per liter. In the current report, blockage of binding was as- 
sociated with calculated? plasma concentrations of less than 550 yg. of 


2 Since the space of distribution of intravenous cobalt at fifteen minutes following its 
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cobalt per liter (<10-' M). Since neither the animal studies nor in vivo 
counting in a human subject who had received Co® revealed significant 
concentration of cobalt in the thyroid gland, it is evident that blockage of 
thyroidal iodide binding is achieved at even lower levels of intrathyroidal 
cobalt in vivo than in vitro. 

With the dosages used in this study (37.5 mg. of cobalt orally for six to 
twenty-five days and 0.5 to 5.5 mg. of cobalt intravenously over six to 
twenty-three minutes), about 50 per cent of the subjects showed an effect 
on thyroidal ['*" uptake, ranging from barely detectable to virtually com- 
plete inhibition of binding. It would thus appear that considerably higher 
doses would be required to produce uniformly consistent depression of 
thyroidal uptake in all subjects. However, the toxic manifestations of co- 
balt prohibit investigation of this drug at much higher dose levels. © 

The rapid removal of cobalt from the plasma by distribution into extra- 
vascular spaces and by renal excretion produces periodic variations in 
plasma cobalt levels which are related to the time elapsing since ingestion 
of the cobalt. Thus, an oral dose of cobalt which would produce a block 
of thyroidal iodide binding one to two hours after ingestion, might permit 
partial or even completely uninhibited binding several hours later. The 
effect on 24-hour thyroidal I'*' uptake would then be related to the time 
sequence of administration of the I'*! and CoCl:. This might, in part, ex- 
plain the discrepant reports of other authors. It is to be noted, for example, 
_ that Jaimet and Thode (3), who reported no effect of cobalt on thyroid 
function, administered radioiodine in the evening and the cobalt during 
the day. This procedure would inevitably lead to lower plasma concentra- 
tions of cobalt during the period of highest plasma concentrations of 
radioiodide. Hence, there would be a lower probability of demonstrating 
a cobalt-induced block of thyroidal iodide binding than if the cobalt and 
I'*" had been administered orally at about the same time. 

Another factor which has not been considered previously is the low and 
variable absorption of cobalt following oral administration of non-tracer 
doses. Greenberg et al. (7) reported that rats receiving 100 ug. of labeled 
cobalt by injection excreted 63.5 per cent in the urine and 8.4 per cent in 
the feces within twenty-four hours; when a similar dose was administered 
orally, 18.5 per cent was excreted in the urine and 40 per cent in the feces 
within twenty-four hours. Comar and Davis (8) reported that the urinary 


administration averaged about 15 per cent of the body weight (~10 liters) and since 
the doses of intravenous cobalt administered for the acute thyroidal studies ranged 
from 0.5 to 5.5 mg., the plasma cobalt concentrations during these studies were about 
50-550 wg. per liter. These plasma levels are of about the same order as those calculated 
following oral administration, wherein only about 10 per cent of the 37.5-mg. daily dose 
of cobalt was absorbed. 
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excretion of Co® was increased 600-fold in rabbits and two- to ten-fold in 
swine and calves by changing from the oral route to the intravenous route 
of administration. 

In human subjects receiving less than 10 yg. of cobalt per day by mouth, 
it has been reported that about 70 to 80 per cent is absorbed and the bulk 
of this material is excreted in the urine (9, 10). Weissbecker (11) reported 
that following oral administration of about 25 mg. of cobalt, only 8 per 
cent is excreted in the urine within forty-eight hours, whereas following 
intravenous administration of a similar dose, 65 to 70 per cent is recovered 
in the urine. These reports are consistent with the findings of the present 
study, which revealed that 56-73 per cent appeared in the urine in forty- 
eight hours following intravenous administration of Co®, with or without 
carrier, and that only 4 to 8 per cent appeared in the urine in a similar 
period following oral administration of a single dose of Co with 12.5 mg. 
of cobalt carrier. Since the effect of cobalt on thyroid function is borderline 
at dosage levels of 37.5 mg. of cobalt per day, variations in the amount 
of cobalt absorbed are undoubtedly of significance in determining the 
overall effect. The use of enteric coated preparations (4) may reduce the 
absorption of cobalt to a level at which the effect on thyroid function would 
not be detectable. 

_ With the dose schedule employed in the present study, cobalt inhibited 

thyroidal binding of iodide in about half the subjects. However, the degree 
of inhibition was almost certainly insufficient to result in clinical hypo- 
thyroidism or goiter in a period of weeks or even months in euthyroid 
subjects. Therefore, the suggestion by Holly (4) and by Hill et al. (12) that 
the lack of clinical indication of thyroid insufficiency following a few 
months of cobalt therapy could be taken as evidence for the lack of any 
cobalt effect on thyroid function, is open to question. Astwood (13) has 
reported that 0.4 to 0.6 Gm. per day of propylthiouracil for a period 
of up to three months failed to produce any conclusive clinical evidence of 
hypothyroidism in euthyroid subjects. Thyroid enlargement and definite 
clinical signs suggestive of hypothyroidism were produced in 1 subject 
only after five months of propylthiouracil therapy (13). 

The toxic symptoms associated with administration of cobalt merit 
some attention. Intravenous administration 4t the rate of 0.16 mg. of 
cobalt per minute produced acute nausea, vomiting, and flushing of the 
face within ten minutes in 1 subject. No toxic symptoms were observed in 
any of the 7 subjects receiving the drug at the rate of 0.08 mg. of cobalt 
per minute for six to twenty-three minutes. These findings are in agree- 
ment with those of Berk et al. (14), who reported that when a dose of 12.5 
mg. of cobalt was administered over a two-hour period, no difficulty was 
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encountered; however, if this rate were exceeded, toxic symptoms similar 
to those reported here were produced. The chief manifestation of toxicity 
from oral administration of 37.5 mg. of cobalt per day was gastric distress 
in 50 per cent of the subjects. This incidence of toxicity was much higher 
than that observed by Jaimet and Thode (3) or Holly (4), who also re- 
ported absence of effect on thyroid function at levels of cobalt dosage 
equivalent to those employed here. It might well be that both the absence 
of effect on thyroid function and the absence of nausea, vomiting, and 
other toxic symptoms are related to extremely low absorption of the ad- 
ministered cobalt preparation. 
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AMELIORATION OF HYPERCALCIURIA 
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ABSTRACT 


The effects of 17-ethyl, 19-nortestosterone (Nilevar) on calcium, phosphorus 
and steroid metabolism were studied in 9 extensively paralyzed patients con- 
valescing from anterior poliomyelitis. Nilevar was given orally in daily dosages 
approximating 1 mg. per Kg. of body weight. 

There was a mean reduction in urinary calcium excretion of 45.4 per cent and 
a mean reduction in urinary phosphorus excretion of 26.2 per cent during 
treatment. Fecal calcium and phosphorus excretion (measured in 3 subjects) as 
well as urinary creatinine and 17-hydroxycorticosteroid excretion showed no 
sustained, significant change. In 2 patients, mild cholestatic jaundice, de- 
veloped, which cleared promptly when Nilevar was withdrawn; other side- 
effects of the drug, when present, were minimal. 


ROFOUND losses of bodily minerals and nitrogen occur in subjects 

with spinal cord lesions, acute motor neurone diseases, or during 
strict immobilization (1). The calcium wastage in these states is severe 
and particularly troublesome. The consequent osteoporosis sometimes 
leads to pathologic fractures, and increased concentration of urinary cal- 
cium is a major factor in producing genitourinary calculi. 

Studies in poliomyelitis provide relatively accurate data on the effects 
of efferent denervation on mineral metabolism. The denervation can be 
measured quantitatively—at least roughly. Also, because of his intact 
sensation, the patient with poliomyelitis is usually free from decubiti and 
the need for prolonged catheterization. Complicating infections which 
confuse the interpretation of metabolic data*in many other neurologic 
illnesses are thus at a minimum. Analyses by Whedon and Shorr (2) and 
from this laboratory (3) have demonstrated that hypercalciuria almost 
invariably follows acute paralytic poliomyelitis. The hypercalciuria is 
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intense during early convalescence, whether or not the muscle paralysis is 
severe, and the peak usually occurs between the third and fifth weeks after 
the onset of poliomyelitis. Once this early phase of hyperexcretion has 
passed, however, the duration of hypercalciuria depends on the extent of 
the paralysis and may last twelve months or more in quadriparetic pa- 
tients. Physical measures such as the rocking bed (2), muscle exercises, 
passive standing or even crutch walking fail to ameliorate the calcium loss 
of severely paralyzed patients (4). As a result, clinical attention has turned 
towards drugs and hormones in an attempt to minimize or reverse the 
metabolic wastage. 

Whedon and Shorr reported that testosterone propionate, particularly 
when combined with estradiol benzoate, reduced calcium and phosphorus 
iosses in patients convalescing from poliomyelitis. Recently, a new com- 
pound, 17-ethyl,19-nortestosterone (Nilevar), was introduced. In experi- 
mental animals, this hormone induced a maximal anabolic effect with a 
minimal androgenic influence (5). Because of these desirable properties, 
the effect of Nilevar on the calcium metabolism of poliomyelitis patients 
was investigated in the present study. A significant reduction in urinary 
calcium excretion was observed during Nilevar therapy; urinary calcium 
excretion returned to normal levels in all but 1 subject. 


MATERIAL AND METHODS 


_ Seven male adults, 1 female adult and 1 female child were studied at the Northwest 

Respirator and Rehabilitation Center. Except for minor intercurrent respiratory in- 
fections, the patients were free from other significant complications of. poliomyelitis. 
None showed evidence of renal stones or severe urinary-tract infection. The dura- 
tion of poliomyelitis before initiation of the study is indicated in Figure 1. The patients 
were severely paralyzed (Table 1) and were undergoing standard physical rehabilita- 
tion programs designed according to their specific physical abilities. A previous study 
had demonstrated that such activities had no significant effect on calcium output. 
No patient walked independently during the study period. 

The patients were maintained on a 3000-cc. intake of fluid and a generally nutritious 
diet. The calculated calcium intake was between 500 and 700 mg. per day, with the 
exceptions indicated. The phosphorus intake was not controlled. All subjects either 
maintained or gained weight during the time of study. In 6 subjects, 24-hour urine 
samples were collected in weekly pools. In 3 additional subjects a modified balance 
study was undertaken, and 24-hour urines and all stools were collected in weekly 
pools. Aliquots of the weekly pools were analyzed for calcium, phosphorus and creatinine 
as previously described (3). The constancy of urinary creatinine excretion was used to 
check the accuracy of collections. Total urinary 17-hydroxycorticoids were determined 
by the Clayson modification of the Reddy, Jenkins and Thorn method (6, 7). Serum 
calcium, phosphorus and alkaline phosphatase levels were determined monthly in the 
hospital laboratory. 

The effect-of Nilevar was ascertained by comparing calcium, phosphorus, creati- 
nine and 17-hydroxycorticoid excretions during therapy with the excretions during the 
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EFFECT OF NILEVAR ON URINARY CALCIUM EXCRETION 


B.Mc. 
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WEEKS AFTER ONSET OF POLIOMYELITIS 


Fig. 1. Urinary calcium excretion during the study period. During the periods 
marked with cross-hatching, each patient received Nilevar, 1 mg. per Kg. of body 
. weight daily. 


immediate pre-treatment and post-treatment periods. The two to four weeks preceding 
therapy were selected as the ‘‘control period.’”’ The excretion values during the first 
treatment week and the first post-treatment week were omitted from calculations of 
the calcium and phosphorus data because the sluggish movement of these minerals 
produced considerable overlapping from the previous study period. The treatment 
excretion levels were arbitrarily calculated for periods of two to four weeks after the 
first week of treatment. Longer periods of therapy were not included so as to avoid 
attributing to the drug an effect which might be due merely to a natural decline in 
excretion with the passage of time. For the same reasons, the post-treatment excretion 
values were calculated for periods no longer than six weeks after the end of therapy. 
The tables indicate the actual weeks employed in the calculations, whereas Figure 1 
indicates the total duration of collections and therapy in each patient. 

The maximal normal 24-hour urinary excretion of calcium was taken at 250 mg. for 
men, 160 mg. for the woman, and 100 mg. for the female child (8, 9). Values in this 
laboratory for normal controls receiving an average diet have always been considerably 
lower than these maximal levels. 


RESULTS 
General effects 


No effects on the state of well-being, libido, vocal tone or hair growth 
were observed in the adults taking Nilevar. In 2 adults (K.A. and G.P.L.) 
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hyperbilirubinemia developed after thirteen and eighteen weeks, respec- 
tively, of intermittent administration of the drug. An elevated alkaline 
phosphatase level was the only other sign of abnormal liver function. 
Systemic symptoms were mild, and details on these cases are reported else- 
where (10). Hyperbilirubinemia has developed in subsequent patients 
treated with Nilevar (not included in this study), but has subsided when 
dosage levels were reduced, although the drug was not discontinued. 

V.P., the 5-year-old quadriplegic child, suffered pathologic fractures 
during physical therapy manipulations in the eighth and eleventh months 
of her illness. Nilevar had been started during the sixth month. Pubic hair 
developed while she was taking 20 mg. of Nilevar per day. Additional hair 
growth was not observed when the dosage was reduced to 10 mg. per day. 


Effect of calcium excretion 


The data on urinary calcium excretion during the pre-treatment, treat- 
ment and post-treatment periods are given in Table 1 and Figure 1. Seven 
of the 9 patients had hypercalciuria at the time when treatment with 
Nilevar was initiated. Of the 2 men with a control daily excretion of less" 
than 250 mg., one (K.A.) never had an abnormally elevated urinary cal- 
cium following poliomyelitis; the other (R.R.) was studied fifty-eight 
weeks after the onset of his illness and therefore his calcium excretion 
early in convalescence was unknown. 

Every patient had a significant (P <.05) or highly significant (P <.01) 
reduction in daily urinary calcium excretion during treatment with 
Nilevar. As a rule the urinary calcium fell modestly during the first week of 
therapy, but after that the mean values averaged 45.4 per cent less than 
during the control periods. The urinary calcium content during therapy 
reached normal limits in all but 1 subject (E.S.) whose excretion fell no 
lower than the upper limit of normal. As may be seen in Figure 1, there 
was no tendency to escape from the effect of the drug; the lowered calcium 
excretion persisted throughout periods of treatment lasting from three to 
twelve weeks. Five patients in whom treatment had been discontinued for 
periods of from three to twelve weeks were given a second course of Nilevar 
(Table 2). The urinary calcium excretion again fell significantly, averaging 
47.9 per cent less than in the second pre-treatment control period. 

Analyses of the stools for calcium during control and treatment periods 
were carried out on Patients B. Mc., E.S. and W.F. There was no significant 
increase or decrease in fecal calcium which could be attributed to therapy. 
The dietary intake was controlled but not constant, and variations in fecal 
calcium reflected the variations in calcium intake. This can be seen in the 
balance study on B. Me. (Fig. 2), which was representative of the results on 
all 3 of these subjects. 


: 


August, 1958 EFFECT OF NILEVAR ON HYPERCALCIURIA 865 


TABLE 2, URINARY CALCIUM EXCRETION DURING A SECOND 
COURSE OF TREATMENT WITH NILEVAR 


Pre-treatment | Treatment Pont-trestment 
Patient | % Mean change 
& Age Ca output Ca ential % fs Ca output 
Weeks*| (mg./24 | Weeks*! (mg./24 | Mean P Weeks (mg./ 24 From From 
hrs.) hrs.) change hrs.) control | treatment 


VP. 5 | 30-33 | 117418 | 35-38 | 68427 | —41.8 | <.05 
B.K. 18 | 39-41 | 248457 | 43-44 | 141431 | —43.1 | <.05 
E.S. 20 | 30-33 | 343425 | 35-38 | 208+21 | —39.4 | <.0 

P.L. 23 | 23-24 | 374+12 | 26-28 | 156+44 | —58.3 | <.01 42-47 379+51 + 1.3 +142.9 
K.A. 34 | 19-21 | 154438 | 23-26 | 65428 | —57.8 | <.05 34-39 253 + 87 +64.3 +289 .2 


* Indicates, inclusively, the weeks upon which calculations are based. 


Urinary calcium and phosphorus excretion rose promptly when Nilevar 
was discontinued (Table 1). In Patients K.A and B.K. the post-treatment 
values were 28 per cent and 30.5 per cent less than those during the respec- 
tive control periods. These changes may have reflected the natural decline 

-in excretion which occurs with time. The post-treatment urinary calcium 
rose briefly above the control level in several patients, suggesting a re- 
bound loss after therapy. Subsequent periods of reduced calcium loss 
usually counterbalanced this effect, however. In Patient K.A. there was an 


EFFECT OF NILEVAR ON CALCIUM BALANCE 


CALCIUM Gm./24 hr. 


Paraplegic 
Polio 


WEEKS OF ILLNESS 


Fig. 2. Calcium balance study (Patient B.Mc.). During the study period, the calcium 
intake was gradually increased and the excretion of calcium in the stool increased pro- 
portionately: Nevertheless, the urinary calcium fell significantly, resulting in an im- 
provement in net calcium balance. 
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excessive rise in urinary calcium excretion following his second course of 
Nilevar, but this was associated with the development of jaundice. 


Effect on phophorus excretion 


The phophorus intake was not controlled in these subjects; therefore, 
changes in phosphorus excretion could not be attributed to Nilevar with 
as much certainty as could the changes in calcium. Nevertheless, as shown 
in Table 3, there was a reduction in urinary phosphorus excretion in nearly 
every subject during Nilevar therapy, the mean reduction being 26.7 per 
cent. Fecal phosphorus, measured during the control, treatment and post- 
treatment periods in 3 subjects, did not change appreciably. 


Effect on levels of serum calcium, phosphorus and alkaline phosphatase 


The control values for serum calcium concentration were either normal or 
slightly elevated in every subject. The serum phosphorus and alkaline 
phosphatase levels were normal. There was no change in any of these 
determinations during Nilevar therapy. 


Effect on creatinine excretion 


There was a slow rise in average creatinine excretion during the entire 
observation period, probably reflecting increasing muscle mass associated 
with recovery from paralysis. Creatinine excretion during the treatment 
period (Table 3) rose, on the average, 3.3 per cent over that in the control 
period. This was not significant. 


Effect on 17-hydroxycorticosteroid excretion 


Long-term 17-hydroxycorticosteroid excretion in these and in other 
patients convalescing from poliomyelitis will be reported elsewhere in de- 
tail. As indicated in Table 3, no significant change in urinary 17-hydroxy- 
corticosteroids was noted during treatment with Nilevar. 


COMMENT 


Nilevar had a pronounced effect on the calcium metabolism of these pa- 
tients paralyzed by poliomyelitis. The urinary calcium excretion was re- 
duced by an average of 45.4 per cent and urinary phosphorus by an aver- 
age of 26.7 per cent. Although fecal calcium and phosphorus was measured 
in only 3 of the 9 patients, in these 3 there were no changes which could 
not be explained by variations in the dietary intake. It appeared that the 
net effect of Nilevar, therefore, was to induce a significant over-all reduc- 
tion in calcium and phosphorus losses. As has been noted in other studies, 
calcium movement was somewhat sluggish and there tended to be little 
change from previous excretion levels during the first treatment week and 
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during the first post-treatment week. Except for these transition periods, 
however, the drop in urinary calcium excretion during therapy was rapid 
and then sustained. After therapy, excretion rapidly regained the pre-treat- 
ment level. These findings are somewhat similar to those of Spencer e¢ al. 
(11), who observed a 37.5 per cent reduction in urinary calcium excretion in 
subjects receiving Nilevar. In Spencer’s patients, none of whom had neuro- 
logic diseases, the urinary calcium output was normal at the time when 
treatment was started. 

The apparent reduction in phosphorus excretion relative to calcium dur- 
ing treatment was somewhat greater than would be predicted from the 
calculated theoretical ratio of calcium to phosphorus in bone, which is 
2.23:1 (12). Presumably, this reflected an increased rate of protein forma- 
tion, with phosphorus being incorporated into tissues (11). 

The mechanism whereby Nilevar induces calcium and phosphorus re- 
tention is not yet clear. Other anabolic hormones which may act by similar 
mechanisms increase the calcium content of the bones of both denervated 
and non-denervated extremities (13). Studies in progress in this laboratory 
to determine whether or not there is any selective protection by Nilevar 
against demineralization in the bones of denervated extremities are as yet 
incomplete. It was disappointing that Nilevar failed to prevent pathologic 
fractures in Patient V. P. However, the child had become extensively de- 
mineralized by the time treatment was first started. In children, early 
treatment aimed towards preventing rapid mineral losses may be more 
effective than later attempts to correct the advanced osteoporosis which 
accompanies severe quadriplegia. As for adults, pathologic fractures ac- 
companying paralysis are rare, and there is perhaps little indication for 
attempting to delay osteoporosis as a primary aim of treatment. 

Regardless of the need to delay the demineralization of bone, however, 
there are great advantages in having an agent which will markedly and 
promptly reduce urinary calcium and phosphorus excretion. The genito- 
urinary stones, which occur in a high percentage of paralyzed patients, 
are almost entirely composed of calcium-phosphate salts. Usually, such 
calculi can be prevented by having the patient maintain a high output of 
acidified, sterile urine and by repeatedly changing the patient’s position 
(14). These preventive measures cannot always be carried out successfully, 
however. At such times, the employment of Nilevar to reduce the con- 
centration of urinary solute may provide additional prophylaxis against 
formation of stones. 

Jaundice developed in 2 of 7 patients in this series receiving Nilevar. 
This constitutes a considerably higher incidence than that reported to 
the drug manufacturer by other workers. The clinical and biochemical 
findings in these cases of jaundice were similar to the abnormalities seen 
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in the jaundice which may follow therapy with methyltestosterone and 
certain other drugs (15). The clinical symptoms and course were benign, 
but this complication prolonged the period of convalescence. Observations 
on other patients indicate that smaller dosage schedules of Nilevar carry 
less risk of producing jaundice. The relative effectiveness of such dosages 
on mineral metabolism has not been determined. 

Except for its potentialities for producing jaundice, Nilevar appears to 
have advantages over other agents which have been used to reduce urinary 
calcium and phosphorus excretion. Henneman and his co-workers (16, 17) 
employed sodium phytate to divert calcium excretion from the urine into 
the stools. When combined with a low calcium diet, phytate decreased 
the urinary calcium in 5 of 9 poliomyelitis patients (16). Quantitative 
evaluation in their study was difficult, since 5 of the patients already had 
renal stones when the study was performed, and only random collections of 
24-hour urines were made. Balance studies in patients with sarcoidosis 
and hypercalciuria confirmed the fact that phytate increased fecal calcium 
and reduced urinary calcium (17). However, unpleasant gastro-intestinal 
side-reactions limit the likelihood that phytate will enjoy wide use. 

The chelating agents (versene and sodium versenate) would theoretically 
be expected to reduce urinary calcium by binding calcium in the gut. 
Sodium versenate was relatively ineffective, however, when actually tested 
(4). 

Testosterone and methyltestosterone, either alone or in combination 
with estrogens, have been used extensively to remake osteoid matrix, 
thereby inducing recalcification in the treatment of osteoporosis (18). 
Whedon and Shorr studied the effects of these compounds in 7 severely 
paralyzed poliomyelitis patients. Testosterone propionate was given alone, 
or in combination with estradiol benzoate. Nitrogen balance became posi- 
tive and calcium balances were improved during therapy. The 2 drugs 
combined were superior metabolically to either alone. We have recalcu- 
lated Whedon and Shorr’s data, to compare the effect of these drugs with 
that of Nilevar. In these calculations the last 2 or 3 six-day periods prior to 
treatment were regarded as controls. Because of the lag in calcium response, 
the first and second six-day periods were omitted and the excretions during 
the third to fifth periods were calculated as treatment results. Five of 
Whedon and Shorr’s patients received courses of testosterone propionate 
alone. Four patients received 5 courses of combined testosterone and 
estradiol benzoate. There was a mean reduction of 28.2 per cent in urinary 
calcium during treatment with the combined drugs and a mean reduction 
of 15.3 per cent when testosterone propionate was used alone. Thus, the 
reduction of 45.4 per cent in calcium excretion induced by Nilevar ex- 
ceeded the calcium-sparing effect of either testosterone propionate alone 
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ae or testosterone in combination with estradiol. The fact that Nilevar can be 
; given by mouth is an additional advantage, but further work will be re- 
aah quired to determine whether its hepatic toxicity can be reduced sufficiently 
to warrant its widespread use. 
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SERUM TRANSAMINASE ACTIVITY IN 
UNCOMPLICATED AND COMPLICATED 
PREGNANCY AND IN NEWBORNS. 


N. E. BORGLIN, M.D. 


The Department of Obstetrics and Gynecology, University of Lund, 
General Hospital, Malmé, Sweden 


ABSTRACT 


Glutamic-oxalacetic transaminase activity was determined in serum from 
pregnant women with and without complications (missed abortion, incom- 
plete abortion, complete and threatened abortion, hepatosis, toxemia) and from 
newborns (umbilical cord blood). The activity was found to be normal in 
uncomplicated pregnancy, at delivery, in the puerperium, and in different types 
of abortion, but to be somewhat increased in hepatosis. In toxemia the activity 
was often markedly increased (30 per cent), but returned to the normal 
level as the symptoms of toxemia disappeared. This increase in the trans- 
aminase activity is possibly due to liver damage. : 


‘“NOHEN and Hekhuis (1) found transaminase activity to be low in 
malignant and in embryonic tissue as well as in regenerating liver 
tissue. They thereby confirmed the observations of Euler et al. (2). As a 
possible explanation for this low activity Cohen and Hekhuis (1) suggested 
that transaminase activity might vary inversely with protein synthesis. 
Transamination reactions play an important role in nitrogen metabolism 
(3) and in amino-acid synthesis from fat and carbohydrates via the tri- 
carboxylic-acid cycle. During pregnancy there is a positive nitrogen bal- 
ance. Glendening et al. (4), however, found transaminase activity in whole 
blood from pregnant women to be normal. In newborns, on the other hand, 
the enzyme activity in umbilical cord blood was roughly twice as high as in 
the maternal blood. 

During pregnancy transaminase activity may possibly be influenced by 
other factors, such as the changes in protein metabolism and the increased 
production of various hormones. In the present investigation the activity 
of the glutamic-oxalacetic transaminase of the serum was determined in 
normal pregnancy, in various types of abortion, in hepatosis, in toxemia of 
pregnancy and in newborns. In toxemia of pregnancy the serum trans- 
aminase activity was often increased, whereas in the other groups it was, 
broadly speaking, within normal limits. 
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MATERIAL AND METHODS 


The clinical material consisted of pregnant women attending the maternal center, 
and patients admitted to the department of gynecology and obstetrics, Malmé. Blood 
specimens from the total of 79 women were studied. The control blood samples were 
taken from 10 healthy nonpregnant women in the reproductive age. The blood was 
drawn from a cubital vein. The specimens were almost always collected in the morning 
while the patients were in the post-absorptive state. No diurnal variations in trans- 
aminase activity have been demonstrated (5) but determination is difficult if the serum 
is lipemic such as after a fatty meal. Every sample was centrifuged immediately and the 
serum was separated. Serum can be kept at —4°C. for three weeks without any demon- 
strable decrease in transaminase activity (5). Hemolysis markedly increases transaminase 
activity because the red blood cells contain ten to twenty times the amount of activity 
in the serum. Serum showing signs of hemolysis was therefore rejected. (Visible hemolysis 
is to be understood as the occurrence of at most 5-10 mg. of hemoglobin per 100 ml. of 
serum—a degree of hemolysis not influencing serum transaminase determinations.) 

Glutamic-oxalacetic transaminase was determined by the method of Karmen et al. 
(6) as modified by Ordell (7). A 0.5-ml. aliquot of serum (0.25 ml. when transaminase 
values were very high) was incubated at 25-27° C. for thirty minutes together with 
l-aspartic acid, reduced diphosphopyridine nucleotide (DPN H) and malic dehydrogenase. 
Alpha-ketoglutaric acid was then added. The oxalacetic acid formed was reduced to 
malic acid and at the same time an equivalent amount of DPNH was oxidized to DPN. 
The light absorption maximum for DPNH is at 340 my. The decrease in light absorp- 
tion per unit of time, which is directly proportional to the transaminase activity in the 
serum, was followed every minute in a Beckman (B) spectrophotometer. The values 
were read against distilled water. 

Glutamic-oxalacetic transaminase activity is given in units, 1 unit corresponding to 
a decrease in optical density by 0.001 per minute per ml. of serum (reagents according to 
Ordell from A/B KABI, Stockholm). The normal range of the glutamic-oxalacetic 
transaminase in serum from normal healthy persons as determined by the method used 
is given as 5 to 40 units (7, 8). 


RESULTS 


The transaminase activity in the serum from the controls was 20.5 
units (standard error (s.e.) + 6.55; s.e. of the mean value, +2.1). Roughly 
the same values were found for 45 healthy pregnant women at different 
periods during pregnancy and three days after delivery. There was no 
variation in enzyme activity with the duration of pregnancy (Table 1). 
In 2 patients, however, transaminase activity was clearly higher than in 
the nonpregnant women and in 1 patient it was as high as 72.4 units. In 
neither of these cases did the course of pregnancy suggest any explanation 
for the increased transaminase values. However, since it is known that (like 
several other related enzymes) glutamic-oxalacetic transaminase is in- 
creased in hepatic disorders, the patients were examined especially for the 
possibility of liver disease. Arfwedson (9) assumes that certain types of 
pruritus during pregnancy are due to hepatosis. In the present study, trans- 
aminase activity was determined in 7 women with pruritus for which the 
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TABLE 1. GLUTAMIC-OXALACETIC TRANSAMINASE IN SERUM FROM HEALTHY PREGNANT 
WOMEN, AT PARTURITION AND IN THE PUERPERIUM, AND IN HEALTHY NON- 
PREGNANT WOMEN IN THE FERTILE AGE-GROUP 


Pregnant women Day after Nox: 
(month of pregnancy) Total At : parturition t 
preg 
m | vm m| x 1 2 
Number 2 1 2 —|; 2 —/ 19 8 34 8 1 1 1 10 
Mean glutamic 
oxalacetic | 15.7 | 12.0 | 13.9 | —| 17.7] — | 21.4 | 14.3 | 18.5+1.93 28.9 14.8 | 18.2; 14.8) 20.5+2.1 
transaminase 
Spread 5.8-72.4 | 15.6-59.3 9.4-32.4 


only possible explanation was hepatosis (according to Arfwedson). In only 
1 of these the transaminase activity was found to be abnormally high (93.4 
units) two days before parturition; six days after parturition it was still 
above normal (41.1 units). 

Symptoms of liver involvement, ranging from slight damage to yellow 
atrophy, are also seen in toxemia of pregnancy. Serum transaminase activ- 
ity was therefore determined in 20 cases of toxemia of pregnancy of vary- 


PROTEIN IN URINE. gm-“1000 mi 


TRANSAMINASE UNITS 


~ 


BILIRUBIN IN SERUM mi 


| 24 6 86 6 B 2 22 24 
DAYS BEFORE PARTURITION AFTER PARTURITION 


Fig. 1. Patient A-L.M. (#2310/57), 24 years, gravida I. Symptoms of toxemia aes last 
three weeks before parturition. No diseases of relevant interest before pregnancy. 
Bilirubin in serum (mg./100 ml.) A -------- A 
Protein in urine (Gm./1000 ml.) + = 
Glutamic-oxalacetic transaminase (units) O Oo 
Blood pressure (mm. Hg) 
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TABLE 2. PATIENTS WITH TOXEMIA OF PREGNANCY 


Glutamic- 
: Changes | oxala- | Severity 
Case No. Edema in ocular} cetic of Remarks 
uria tension bilirubin | turbidity 
fundi trans- | toxemia 
aminase 
1 ++ + 0 0 0 0 0 2 
2 0 ++ + 0 0 0 0 4 
3 0 0 0 0 0 0 1 
4 0 +b 0 0 0 0 1 
pe ++ 0 0 0 0 0 ++ 1 
6 ++ ++ + + + + ++ 2 See Fig. 1. 
7 + + 0 0 0 0 0 1 
8 + + 0 0 0 0 0 1 
9 + ++ 0 0 + + 0 2 
10 + + a> 0 0 0 ++ 1 7 
ulfal 
++ ++ 0 0 0 ++ 2 
12 ++ ++ + 0 2 
13 + ++ * 0 0 0 Le 3 
14 ++ 0 0 0 0 0 0 1 
15 + + 0 + + 0 0 1 
16 ++ + 0 0 + 0 0 2 
17 ++ 0 0 0 0 0 0 1 f ‘ 
Bromsulfalein 
+ 0 + + 0 3 
20 + + 0 0 0 0 0 1 
Thymol Glutamic- 
Protein in Serum Changes in oxalacetic 
Symbol urine Edema bilirubin, ocular transaminase 
(Gm./1000ml.)| ‘™™ “8 (mg./100 ml.) fundi in serum 
value (units) 
0 none <120/80 none s0.11 none 340 
<1 160/110 moderate 50.9 50.12 moderate <60 
++ >1 >160/110 severe severe >60 
Severity of toxemia: 1. Proteinuria—at most 2 Gm./1000 ml.; no hypertension; only moderate edema; no changes in 
ocular fundi. 
2. Nephropathy—proteinuria of more than 2 Gm./1000 ml.; hypertension, etc. 
3. Eclampsism. 
4. Eclampsia. 


ing severity. In 6 it was increased, in some of them excessively (Fig. 1). 
The increase was not always proportional to the severity of the toxemia 
(Table 2). 

Serum transaminase activity was also determined in some cases of 
threatened abortion, complete and incomplete abortion, and in 1 case of 
missed abortion. In all of these cases the values lay within a normal 


range. 

Transaminase activity was determined in the serum of umbilical cord 
blood from 9 newborns and in the serum of 6 of the mothers. No difference 
in enzyme activity was found; in the mothers the average level was 27.8 
units, and in the newborns 28.1 units. 
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DISCUSSION 


It is known from earlier investigations that serum transaminase activity 
is increased in the presence of liver injury (cancerous metastases to the 
liver, hepatitis, acute or relapsing cirrhosis) (10-12). One of the earliest 
and sometimes the only symptom of disturbed liver function during preg- 
nancy is pruritus (9). In our study, transaminase activity was determined 
in 7 cases of pruritus of pregnancy in which the only explanation for the 
complication was liver injury; in only 1 was the value abnormally in- 
creased; in the remainder it was normal. There were 2 patients without 
symptoms or signs of liver injury in whom the transaminase value was 
found to be increased during normal pregnancy (total 45 cases, see 
Table 1). 

Arfwedson (9) was unable to find any relationship between pruritus and 
toxemia of pregnancy, toxemia being equally common in the control 
group without pruritus. In our series, the transaminase value was found 
to be abnormally increased in a fair percentage of patients with toxemia of 
pregnancy (6 out of 20 examined, see Table 2). In many of these the in- 
crease was appreciable (Fig. 1). The increase in transaminase activity was 
demonstrable long before parturition and the activity returned to normal 
at roughly the same rate as the symptoms of toxemia disappeared. Thus, 


‘the increase cannot be accepted as a consequence of any muscle injury 


during parturition. As is apparent from Table 1, there was a slight in- 
crease in transaminase activity at the time of parturition, but even then it 
did not exceed the upper normal limit. Liver injury or disturbed liver func- 
tion is possibly the cause of the increased amounts of serum transaminase 
in the toxemia of pregnancy. Investigations are in progress in which 
closely related enzyme systems (such as glutamic-pyruvic transaminase) 
are receiving attention in order to check the tenability of this theory. 
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SERUM TRANSAMINASE ACTIVITY AND 
VITAMIN B, IN PREGNANCY 


N. E. BORGLIN, M.D. 


Department of Obstetrics and Gynecology, University of Lund, 
General Hospital, Malmé, Sweden 


ABSTRACT 


Glutamic-oxalacetic transaminase in serum was determined towards the 
end of pregnancy. The determinations were made before and after incubation 
of the serum with pyridoxal phosphate and after the patients had been re- 
ceiving pyridoxine orally for a fairly long time. Neither medication with 
pyridoxine nor incubation of the serum with pyridoxal phosphate produced 
an increase in transaminase activity. Thus, judging by the activity of glutamic- 
oxalacetic transaminase in serum, under the conditions of the study, pregnancy 
is not accompanied by a deficiency of vitamin Be. 


UMULATIVE evidence (1-5) suggests a deficiency of vitamin 

B. (pyridoxine) during pregnancy. Since this vitamin is a co-enzyme 
‘of transaminases (6, 7), pyridoxine deficiency would result in decreased 
transaminase activity of whole blood (8), but Glendening et al. (9) found 
the activity to be the same in pregnant as in nonpregnant women. They 
did, however, find that administration of vitamin B, enhanced trans- 
aminase activity during pregnancy. They also reported much greater 
transaminase activity in the blood of the newborn than in that of the 
mother. This, too, might indicate maternal vitamin B, deficiency. Possibly 
the pyridoxine requirements of the child are satisfied at the expense of the 
mother. Santoni (10) has shown a corresponding difference in the trans- 
aminase activities of the sera. 

As yet no attempts have been made to demonstrate this supposed de- 
ficiency or increased requirement of vitamin B, during pregnancy by in- 
cubation of serum or whole blood with pyridoxal phosphate. Nor has the 
transaminase activity in serum been determined after the administration of 


supplementary pyridoxine. 


MATERIAL AND METHODS 


Transaminase activity was determined towards the end of the pregnancy in 18 
healthy women. The glutamic-oxalacetic transaminase in the serum was determined by 
the method of Karmen et al. (11) as modified by Ordell (12) and described in detail else- 
where (13). Determinations were made in the eighth to ninth month of pregnancy (series 
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I), after which the women received 40 mg. of pyridoxine hydrochloride (Tablets Hex- 
apyral®, Ferrosan, each 20 mg.) daily by mouth until delivery, when the transaminase 
activity was again determined (series II). The first sample was incubated for sixty min- 
utes with 40 micrograms of pyridoxal phosphate at 37° C., after which the transaminase 
activity was again determined (series III). 


RESULTS AND DISCUSSION 


During the eighth to ninth month of pregnancy the average transaminase 
value was 18.9 +s.e. 3.50 units (series I)—a value lying well within the 
normal range. After incubation of the serum with pyridoxal phosphate the 
activity was 19.9 +3.78 units (series III); thus, there was only a slight in- 
crease. Neither was any appreciable increase (20.5 + 1.86 units; series IT) 
noted after the administration of pyridoxine for an everage period of 
thirty-two days. Analysis of the data as paired observations on given pa- 
tients showed: for series I-III, t=0.998 (P>20 per cent); and for series 
I-II, t=0.594 (P > 20 per cent). There was no significant difference between 
the 3 series. 

The abnormal tryptophane metabolism, the decreased excretion of 
pyridoxine metabolites after supplementary vitamin By, and the change in 
the chromatographic pattern of the urinary tryptophane metabolites have 
led to the assumption of a deficiency or increased requirement of vitamin 
B, during pregnancy. The excretion of 4-pyridoxic acid, the main excretory 
form of pyridoxine, is normally not decreased during pregnancy (14). 
Biochemical changes suggesting vitamin B, deficiency are also demonstrable 
in other conditions with changed protein metabolism (5), so that the 
changes found during pregnancy are not necessarily evidence of pyridoxine 
deficiency. 

It is assumed that pyridoxine is converted in the body to pyridoxal or 
some closely related substance, and as such acts as a co-enzyme in a number 
of enzymatic systems, including the transaminase system. Marsh et al. (8) 
found that the transaminase activity of the blood varied with the ad- 
ministration of pyridoxine, but in experiments in vitro, addition of pyri- 
doxal or pyridoxamine failed to increase the transaminase activity of the 
blood in pyridoxine deficiency. In other investigations in vitro (6, 15), addi- 
tion of pyridoxal or pyridoxamine did not increase the transaminase ac- 
tivity of different tissues in pyridoxine deficiency. Beaton et al. (16), who 
studied changes in different blood metabolites during pregnancy in the rat, 
found among other things a normal value for glutamic acid in the plasma 
as a sign that the transaminase activity was unchanged. Prolonged pyri- 
doxine deficiency will depress transaminase activity in the rat (17), and 
Meister and Downey (18) assume that vitamin B, deficiency must be 
pronounced and protracted before it will cause 2 demonstrable drop in 
transaminase activity. 
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It is thus not possible to decide with certainty whether or not pregnancy 
is accompanied by a deficiency or increased requirement of vitamin Bg. 
The transaminase activity of red blood cells is much higher than that of 
blood serum, and pyridoxine deficiency is possibly demonstrable earlier in 
the former. This hypothesis is also supported by the observations of 
Glendening et al. (9). It does, however, appear that any lack of pyridoxine 
in pregnancy is not severe enough to depress the transaminase activity in 
the serum. Moreover, the bond between the co-enzyme and the apo-enzyme 
in the transaminase system is so strong and so important for the organism 
that this enzyme activity is maintained at the expense of the pyridoxine 
derivates in the other metabolic systems. 
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ABSTRACT 


Based on their ascorbic-acid depleting potency, various preparations of 
ACTH did not differ in their ability to increase the plasma level of 17-hydroxy- 
corticosteroids (17-OHCS) when a dose of 25 1.u. of ACTH was given intra- 
venously as a six-hour infusion. : : 

When ACTH is injected intramuscularly it is apparently absorbed or 
destroyed faster than when given intravenously. Reduction in these rates of ab- 
sorption or destruction can be achieved by giving ACTH intramuscularly 
either in gelatin or as a zine protamine complex. 


INTRODUCTION 


REVIOUS publications from our laboratory have reported the effect 
on plasma levels of 17-hydroxycorticosteroids (17-OHCS) following the 
instantaneous injection of different dosages of adre aocorticotropic hormone 
(ACTH) (1), and during intravenous infusion of ACTH in the normal 
resting human subject (2) and in patients suffering from various diseases 
(3). A test was devised for evaluating adrenocortical capacity in resting 
man, utilizing circulating levels of 17-OHCS during the intravenous in- 
fusion of 25 1.u. of ACTH over a period of six hours (2). Employing a 
variety of vehicles and different modes of administration, the effects of 
various ACTH preparations on the plasma level of 17-OHCS are reported 
in this paper. 


MATERIALS AND METHODS 


All the ACTH tests were carried out in normal healthy subjects, commenciig be- 
tween 8 and 9 a.m. The ACTH was given either intravenously or intramuscularly. 
When given intravenously, it was dissolved in 500 ml. of physiologic sodium chloride 
solution and infused over a six-hour period. 
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Six different preparations of ACTH were administered intravenously—Dr. C. H. Li’s 
ACTH preparation (Lot No. L2397 BP); the Upjohn ACTH preparation (Lot No. CB 
243 ZF) prepared from sheep pituitary glands; Dr. E. B. Astwood’s ACTH preparation 
(4); the Wilson Laboratory ACTH preparation (Lot No. 85792) prepared from hog 
pituitary glands; the Armour Laboratory ACTH preparation (Lot No. K 56409) pre- 
pared from cattle pituitary glands; and corticotropin ‘‘Nyco” (Lot No. 034060) pre- 


pared from whale pituitary gland. P 
Most of the intramuscular tests were performed using the Armour ACTH prepara- 
tion, dissolving the hormone either in physiologic saline or in gelatin. Zinc protamine 
corticotropin ‘“‘Nyco” was prepared in much the same way as zine protamine insulin (5). 
Plasma levels of 17-OHCS were determined by the method of Nelson and Samuels 


(6, 7). 
RESULTS 


In Table 1 are shown the levels of 17-OHCS during the intravenous in- 
fusion of 25 1.v. of the different ACTH preparations over a six-hour period. 
Judged by the levels obtained, there was no apparent difference among the 
preparations used. When ACTH was given intramuscularly, a response of 
lesser duration was seen. In Figure 1 are shown representative curves 
when the same subject was given the same dose of ACTH, either intra- 
venously or intramuscularly. During intravenous infusion of 25 1.v. of 
ACTH over six hours, the highest 17-OHCS level was obtained at the end 
of the infusion. Intramuscular administration of the same amount of ACTH 
on 2 occasions resulted in significant increases in the level of plasma 17- 
OHCS, but a shorter duration. . 

Effects on plasma 17-OHCS concentration due to the different vehicles 
in which ACTH was administered intramuscularly are shown in Figure 2. 
The levels of 17-OHCS were similar during the first two hours after ad- 
ministration but a prolonged effect was observed when ACTH was given 
either in gelatin or as a zinc protamine compound. This has already been 
demonstrated by Geller et al. (8). 

TABLE 1. AVERAGE LEVELS AND ONE STANDARD DEVIATION OF PLASMA 17-HYDROXYCORTI- 


COSTEROIDS DURING THE CONTINUOUS INTRAVENOUS INFUSION OF 25 I.U. OF 
DIFFERENT ACTH PREPARATIONS OVER SIX HOURS 


17-OHCS: yg./100 ml. blood plasma 


Prepared by Animal No. of 
source subjects | Control 2 hrs. 4 hrs. 6 hrs. 
Armour Labs. Cattle 25 10+4 25+6 34+10 41+12 


Upjohn Labs. | Sheep 6 6+3 25+9 31+10 36+13 
Dr. Astwood Hog — 4 9+3 24+4 33+ 8 39+ 6 
Wilson Labs. Hog 4 5+1 30+6 38+ 9 42+ 9 
5 


Nyco Labs. Whale 11+2 27+7 29+ 6 36+ 8 
Dr. Li | Sheep 15+3 31+7 48+ 7 50+ 9 
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LV. (6hours 
infusion ) 
8 
(gelatin) 
(saline) 
- 2 4 6 8 
HOURS 


Fig. 1. Plasma levels of 17-OHCS following intravenous infusion (I.V.) and intra- 
muscular administration (I.M.) of 25 1.u. of ACTH to the same normal subject on 3 dif- 
ferent occasions. 


DISCUSSION 


From the data presented it is apparent that identical amounts of ACTH, 
independent of animal source or technical preparation, are similar in their 
ability to increase plasma levels of 17-OHCS when given as a six-hour in- 
travenous infusion to the resting human being. However, since only a 
supermaximal dose of ACTH was tried, we cannot exclude the possibility 
that variations due to differences in ACTH potency can be demonstrated 
using smaller doses of the hormone. 


< 
= 
77) 
< 
a 
E 
40 iu. protamine 
° zine ACTH 


i.u. ACTH in saline 


6 
HOURS 


Fig. 2. Plasma levels of 17-OHCS in the same normal subject following the 
intramuscular administration of 40 1.u. of ACTH in different vehicles. 
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The intramuscular injection of ACTH resulted in an elevated plasma 
17-OHCS level of lesser duration than when the same amount of ACTH 
was given as a continuous six-hour infusion. This probably represents a 
greater rate of absorption or destruction during the period immediately 
following the injection compared to that achieved ee continuous in- 
fusion of 4 1.u. per hour. 

Regardless of the vehicle or mode of administration, the amount of 
ACTH reaching the adrenal glands during the first two hours after ad- 
ministration seems to be sufficient to induce near maximal stimulation. 
Gelatin and zinc protamine apparently interfere with the absorption of 
ACTH by the tissue so that concentrations which will maintain the 
maximum rate of secretion are present over longer periods of time. The 
exact mechanism by which the delaying vehicles are effective cannot be 
ascertained from our study. 
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JUVENILE HYPOTHYROIDISM WITH PRECOCIOUS 
SEXUAL DEVELOPMENT 
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The Department of Pediatrics, University of Colorado School of Medicine, Denver, 
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ABSTRACT 


The combination of juvenile hypothyroidism and certain manifestations 
of precocious sexual development in a 6}%-year-old girl is reported. When 
first examined, at the age of 7{$ years, urinary gonadotropin was elevated 
to adult levels and 30 per cent of the cells in the vaginal smear were of the 
cornified squamous variety. Biopsy of enlarged cystic ovaries disclosed findings 
similar to those in the ovaries of adults with the Stein-Leventhal syndrome 
or in response to administration of gonadotropin. The patient became euthyroid 
during treatment with desiccated thyroid. Although periodic vaginal bleed- 
ing then ceased and the vaginal smear no longer contained cornified squamous 
cells, the enlarged nipples did not regress and increased excretion of urinary 
gonadotropin continued. 


NTREATED hypothyroidism in children usually results in general- 

ized retardation of somatic development, manifested in part by 
delay in the onset of adolescence and in the appearance of secondary sexual 
characteristics. Rarely, however, there is a different sequence of events 
which remains largely unexplained. The purpose of this report is to present 
the case of a child with juvenile hypothyroidism in whom certain mani- 
festations of precocious puberty, including vaginal re appeared at 
the age of 61% years. 


CASE HISTORY! 


R. H., a 74$-year-old white girl was first seen at the Grace-New Haven Community 
Hospital because of abdominal pain and vaginal bleeding. Twelve months previously 
(age 64$ years) she had had periumbilical pain and vagirial bleeding for one night. 
During the subsequent nine months she continued to have recurrent lower abdominal 
pain persisting for one to three days. There was no nausea, vomiting, diarrhea, fever or 
bleeding during these episodes. At the age of 77g years she had a second episode of 
vaginal bleeding of unclotted bright red blood, which recurred nightly for one week 
and was accompanied by bilateral lower abdominal pain. Two and a half weeks before 
admission to the hospital, pain and bleeding occurred during the day as well as the night 


Received October 5, 1957. 
1 The author wishes to thank Dr. Milton J. E. Senn, Professor of Pediatrics, Yale 
University School of Medicine, for permission to report this case. 
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and was severe enough to soak 3 or 4 pads each day. No development of secondary sexual 
characteristics had been noted. 

Except for slight dryness of the skin and moderate constipation, both of which had 
been present intermittently since infancy, she was considered by her parents to be in 
good health. She had always been short. There had been no recent noticeable change in 
the rate of growth. She was in the third grade and was reported to be an average student. 
There had been no opportunity for access to any endocrine preparation. The mother’s 
menarche had occurred at the age of 16 years and there was no family history of pre- 
cocious sexual development. 

Physical and laboratory examinations: The patient wasa short, stocky, obese girl who 
was 46.6 inches (118.5 cm.) tall and weighed 78} pounds (35.7 Kg.). The pulse was 75 
and blood pressure 102/72. She was inactive and moved slowly in response to com- 
mands. Her face was puffy. The skin was coarse, dry, warm and sallow. The hands and 
feet were cool, and exhibited slight non-pitting swelling. The hair was coarse. She, had 6 
permanent teeth—4 first molars and 2 lower central incisors. The thyroid gland was not 
palpable. The nipples were enlarged and full. The breasts were not visibly enlarged, but 


Fig. 1. Section of uterus, showing 
proliferative type of endometrium... 


mammary tissue could be palpated. There was an increase of adipose tissue over the ab- 
domen. The liver was palpable at the costal margin. There was no abdominal tenderness, 
and no other abdominal organs or masses could be felt. The labia minora were hyper- 
trophied. There was no pubic or axillary hair. The clitoris was not enlarged. With the 
patient under general anesthesia, bright red unclotted blood could be seen coming from 
the external cervical os. The uterus was enlarged and firm and was probed to a depth of 
3 inches (7.5 cm.). A mobile mass about 2 inches (5 cm.) in diameter was felt in the left 
ovarian area. Endometrial biopsy revealed a proliferative type of endometrium. The 
ophthalmologic consultant found normal fundi and visual fields. Roentgenograms of the 
skull, chest, abdomen and pelvis were normal. The serum butanol-extractable iodine 
(BEI) level was 0.5 wg. per 100 ml. (normal = 4.5-7.5 ug. per 100 ml.). Urinary gonado- 
tropin was more than 6.5 and less than 13 mouse uterine units per twenty-four hours, and 
urinary 17-ketosteroids were 2.1 mg. per twenty-four hours. Thirty per cent of the cells 
in a vaginal smear were of the cornified squamous variety. 

The patient was given desiccated thyroid in a dosage of 15 mg. daily, gradually in- 
creased to 60 mg. daily. Two weeks after thyroid was started, she again had vaginal 
bleeding which persisted for eight days and required 2 pads per day. 

At the age of 7+} years, exploratory laporotomy was performed. Both ovaries were 
enlarged and cystic. The right ovary measured 2X2 X14 inches (5X5 X3 cm.), the left 
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14131 inch (3% 42.5 em.). The contour of the smooth surface was distorted by the 
presence of several tiny, thin-walled cysts and a large cyst measuring 13 inches (3 em.) 
in diameter. 

Microscopic examination :? No germinal epithelium was seen in sections of the right 
ovary. In several sites there was subcapsular fibrosis. Well beneath the surface there 
were typical primordial follicles, but these were fewer in number than expected in the 
ovary of a child of this age. Very few developing Graafian follicles were present. Through- 
out the stroma there were numerous corpora atretica composed of loose reticular tissue 
surrounded by a thin irregular hyaline membrane and a peripheral collar of pale, sudan- 
ophilic luteinized theca cells. A few tiny cysts lined by several layers of typical granulosa 
cells were also present within the stroma. Other cysts, including the large ones grossly 
visible at the surface, had no lining other than flattened stromal or thecal cells. About 
many of these large and small cysts, there was a poorly defined, irregular collar of 
luteinized theca cells. The left ovary was similar to the right in appearance. Most of the 
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Fig. 2. Left: Section of ovary of Patient R.H. (at age 7}% years), showing dimin- 


ished numbers of primary follicles and increased subcapsular fibrosis. Right: Section of 
ovary of normal 6-year-old girl for comparison. 


tissue, however, appeared to represent the walls of follicular cysts, separated by stroma 
in which there was abundant recent hemorrhage. Collars of luteinized theca cells were 
present around several of these cysts. In none of the sections was there evidence of tumor, 
true corpora lutea or corpus luteum cysts. 

Microscopic diagnosis: Follicle cysts of the ovaries with excessive luteinization of the 
theca interna, excessive numbers of corpora atretica, and reduction in the number of 
ova and primordial follicles for the age; excessive subcapsular and stroma fibrosis. 

At the age of 8y's years (two and a half months after thyroid therapy had been 
started) her face appeared less full, the sallow color of the face had disappeared, the 


* The author wishes to thank Dr. Milton R. Hales of the Department of Pathology, 
Yale University School of Medicine, for the description and interpretatior of the biopsy 
sections. 
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back of the hands were no longer swollen, and the skin had a normal appearance. There 
had been no further abdominal pain or vaginal bleeding. She seemed more active. At 
this time and again at 85 years, urinary gonadotropin was more than 13 and less 
than 52 mouse uterine units per twenty-four hours. The serum BEI level was 4.4 ug. per 
100 ml. and the serum cholesterol level was 142 mg. per 100 ml. At this time she was re- 
ceiving 150 mg. of desiccated thyroid daily. 

At the age of 81 years she was 48% inches (124 em.) tall and had grown 23 inches (5.8) 
cm.) in seven months. She appeared to be euthyroid. Rectal examination failed to reveal 
any ovarian enlargement. The serum BEI level was 5.2 ug. per 100 ml. In a smear of the 
vaginal mucosa, 15 per cent of the cells were of the fully cornified squamous type. 

Desiccated thyroid was discontinued at the age of 8t$ years and during the next 
three months she became less active, her face became full and sallow-colored, and her 
skin dry. Peripheral circulation was poor, and she suffered from moderate constipation. 
There was no alteration in the condition of the nipples. At 97g years, three months 
after therapy with desiccated thyroid had been stopped, the effect of thyroid-stimulating 
hormone (TSH) was determined. Immediately prior to the administration of a 10-mg. 
test dose of TSH, the serum BEI level was 0.8 ug. per 100 ml.; twenty-four hours later 
it was 0.9 ug. per 100 ml. Desiccated thyroid was again started and the dosage was in- 
creased gradually to 130 mg. per day. There was rapid disappearance of all signs of 
hypothyroidism. 

At the age of 974g years, she had 8 permanent teeth (4 first molars and 8 incisors). 
The nipples had become slightly iarger and a small amount of breast tissue could be 
palpated. However, a vaginal smear taken at this time did not contain any cornified 
squamous cells. Urine was again assayed for gonadotropin and was found to contain 
more than 6.5 and less than 13 mouse uterine units per twenty-four hours. 


DISCUSSION 


Although there is some evidence to the contrary, deficiency of thyroid 
hormone usually results in delayed maturity and retarded genital develop- 
ment in the immature subject (1). In the adult, hypothyroidism causes 
marked depression of the reproductive function. Almost any type of 
menstrual irregularity may occur (2) and abnormalities in sexual function 
and in the formation of sex hormones are often observed (3-5). However, 
not all cases of hypothyroidism are associated with delay in maturation 
and depression of sexual function. In a few cases of juvenile hypothyroid- 
ism, sexual precocity has been reported. In 1905 Kendle (6) described a 
case of precocious puberty in a girl with congenital cretinism. The thyroid 
deficiency had been diagnosed during the first year of life, and replacement 
therapy had been given for two years but had then been discontinued until 
the age of 5 years. At that time she had started to menstruate and was found 
to have well developed breasts. She had pubic and axillary hair, but other- 
wise presented the typical picture of hypothyroidism. When thyroid 
medication was resumed, there was cessation of menstruation, decrease in 
the size of the breasts, and disappearance of pubic and axillary hair. Berg- 
strand (3) also reported a case of precocious development in a girl with 
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cretinism. Although the hypothyroidism had been manifest since the first 
year of life, no treatment had been given. At the age of 9 years, vaginal 
bleeding had begun. The breasts were slightly enlarged and tender and the 
nipples protruded, but there was no pubic or axillary hair. The external 
genitalia were ‘“‘normal.”’ The uterus was as large as that of an adult woman. 
The concentration of urinary gonadotropin was less than 40 mouse units 
per liter. Roentgenograms of the skull showed considerable enlargement of 
the sella turcica but no destruction or decalcification of bone. Treatment 
with thyroid corrected the hypothyroidism; there was also a decrease in 
the size of the breasts and a cessation of menstrual bleeding. Normal 
pubertal development subsequently occurred when she was 15 years old. 
Van Wyk (7) reported a patient with juvenile myxedema in whom sexual 
precocity, menorrhagia and lactation occurred. He is following another 
patient who also has myxedema and precocious sexual development. In one 
of these patients, there was an episode of idiopathic increased intracranial 
pressure and subsequent diabetes insipidus. 

There is no ready explanation for the association of precocious sexual 
development and hypothyroidism. Clinically and experimentally it has been 
found that hypothyroidism can disturb the production of anterior pituitary 
hormones, in the direction of either an excess or a deficiency. Alterations in 
the output of thyroid-stimulating and gonadotropic hormones have been 
described (1, 8-13). 

The changes in the ovaries of the patient reported here resembled those 
found in adults with the Stein-Leventhal syndrome or in response to 
administration of gonadotropin (14). Experimentally, animals with hypo- 
thyroidism have also been found to have a greater number of ovarian 
cysts (15) and to be more responsive to gonadotropin (16-20). 

In explaining the association of hypothyroidism and precocious develop- 
ment in his patient, Bergstrand (3) suggested that the precocity may have 
been due to deficient elaboration of thyrotropic hormone in combination 
with an increased production of gonadotropin and secondary activation 
of the ovaries. However, other signs of disturbed pituitary function were 
not observed in his patient and an attempt to stimulate the thyroid with 
thyrotropic hormone failed. Similar failure was noted in our case. In 
Bergstrand’s patient, during treatment with thyroid, there was retrogression 
of the uterine enlargement and of the other evidences of sexual maturity. 
This indicated that these symptoms did not represent the onset of an early, 
normal puberty but were signs of an abnormal stimulation of gonadal 
activity. Why sexual precocity should occur in association with hypo- 
thyroidism is obscure in Bergstrand’s patient as well as in ours. 
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ABSTRACT 
Seven cases of Turner’s syndrome were studied. In 6 the chromatin pattern 
was male and in 1 it was female. The histology of the genital ridge was studied 
in 4 cases. Interstitial cells and a definite predominance of the medulla over the 
cortex were evident in all patients with a male chromatin pattern. Mesonephric 
remnants were visible in the medulla. In the chromosomal female, a thick ovar- 
ian cortical stroma and a thin medulla were identified. 


INTRODUCTION 


N 1950 Jost (1) and Wilkins (2) suggested that some patients with 
ovarian agenesis or Turner’s syndrome (3) could be genetic males. 
Following the discovery by Moore and Barr (4) of a method for detecting 
chromosomal sex in the somatic tissues of man, this hypothesis was sub- 
stantiated by the observations of Décourt and his associates (5) and others 
(see (6)) that some patients with this syndrome were chromosomal males. 
Among 22 patients with gonadal dysgenesis, Grumbach et al. (6) found that 
20 had a male chromatin pattern. 
The purpose of this report is to present histologic data concerning 4 cases 
of gonadal dysgenesis, in 1 of which the chromatin pattern was female. 


CLINICAL MATERIAL AND METHODS 


Seven cases of Turner’s syndrome were studied in the Endocrinological ward. 

Chromosomal sex was determined by skin biopsies and confirmed by peripheral blood 
studies and by examination of oral smears. Histologic sections of the skin were made fol- 
lowing the technique of Moore, Graham and Barr and using hematoxylin and eosin 
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stains. Blood smears were prepared in the usual way and stained with Leishman’s 
methylene blue-eosin. Oral smears were fixed in alcohol-ether and stained by an acetate- 
buffered solution of toluidine blue after hydrolysis with HCl.! 

Urinary gonadotropin was estimated by a modification of the technique of Klinefelter 
et al. (7). Urinary 17-ketosteroids were determined by the method of Callow, Callow and 
Emmens (8). 

In 5 cases abdominal exploration was performed, and in 4 cases a complete study of 
the genital ridge was made. 


CASE REPORT 


Case 1 


M.L.R., a 17-year-old girl, was short in stature and had infantile secondary sex char- 
acteristics. The menarche had not appeared. She suffered from occasional muscular 
twitchings of the arms. There was no history of childhood diseases. Of the 6 brothers 
and sisters, 5 were alive, married, and had children. The father was in good health, He 
had 13 brothers and sisters, of whom 7 were alive, married, and had many children. 
There were no abnormalities in the collaterals. 

On physical examination the father was a well built man (height 1.62 M.). His neck 
was well developed, but had a prominent web bilaterally. No definite abnormality was 
noted in the mother. 

The patient was a mentally retarded girl of short stature. Her height was 1.27 M., 
and span 1.30 M. She had the typical low implantation of hair, and webbing of the 
neck. Numerous nevi and moles were seen on the face. Cubitus valgus was present. The 
nipples were of the infantile type. Axillary and pubic hair were absent. The clitoris and 
labia majora were well developed, in contrast to the labia minora, which were infantile 
in type. Hymenal and urethral openings were separate. 

Laboratory studies. The titer of gonadotropin was high, and the cells of the vaginal 
smear were atrophic. The excretion of 17-ketosteroids was only 1.42 mg. per twenty-four 
hours. 

The diagnosis of adrenogenital syndrome was excluded because of the clinical absence 
of virilism and the low excretion of 17-ketosteroids. 

In the Malpighian layer of the skin, in the cells of oral smears and in peripheral blood 
white cells, the nuclear chromatin pattern was male. 

Pelvic and neurologic examinations. The pelvis was described by the radiologist as 
being of the android type. Cystoscopy revealed an abrupt passage from the bladder to 
the urethra, as is found in males. No prostatic rudiments were felt on rectal examination. 
Neurologic examination disclosed photoepilepsy. This diagnosis was confirmed by altera- 
tions in the electroencephalogram produced by stimulation with light. 

In view of the ambisexual stigmata, a peritoneal exploration was performed, and the 
clinical diagnosis of gonadal dysgenesis was confirmed. On laparotomy, a very small 
uterus, infantile tubes and whitish genital ridges were seen. The rudimentary gonads were 
white-appearing cords, located in the mesosalpinx parallel to the tube. 

The genital ridge and adnexa from the right side were removed for study and fixed in 
Bouin’s fluid. 

Microscopic examination. A section of the genital ridge, observed with low magnifica- 
tion (Fig. 1a), illustrates the general relationship between the infantile tube, the adjoin_ 


! Thanks are due to Dr. M. Rabinovitch (Histology Department, Fac. de Medicina 
da Universidade de Sao Paulo) for suggesting this procedure. 
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ing mesosalpinx and the rudimentary gonad. No follicular structures or oogonia could 
be seen. The cortical fibrous stroma was quite thin when compared with the wide central 
area. The cortical nuclei did not display the filiform shape, characteristic of true ovarian 
stroma (Fig. 1, b and ce). A few Leydig cells were identified between the cortex and the 
medulla. 

Numerous mesonephric structures were seen in the gonadal medulla and in the meso- 
salpinx; the wall, of cystic structure, and a convoluting mesonephric tubule can be seen 
in Figure 1 (b and d). 


Case 2 

D.B., a 20-year-old girl, was referred for study because she had ceased growing nor- 
mally when she was 9 years old. In spite of the numerous hormones prescribed (e.g., 
thyroid, Antuitrin), she grew very little until the age of 14 and then stopped growing 
altogether. After intense estrogenic treatment, she menstruated for the first time at the 
age of 18 and her breasts developed. 

On physical examination, she was a girl of small stature (1.26 M.). The neck was 
short, without webbing. Cubitus valgus was evident. Pubic hair was scanty, and axillary 
hair was totally absent. The breasts were of adult size, and the areolae were darkly pig- 
mented. The genitalia were hypotrophic, and the labia minora were practically absent. 
The clitoris was quite small. On rectal examination a small cervix was felt. 

In an x-ray film, the pelvis was seen to have gynecoid characteristics. Bone age was 
normal. 

Nuclear chromatin studied in a skin biopsy specimen was found to be of the female 
type. 

Exploratory laparotomy revealed a small uterus with a long cervix. Fallopian tubes 
were long and thin, and they ran parallel to the infundibulo-pelvic ligaments. The 
ampullary region and fimbriae could be identified. The distal third of the tubes was 
covered on each side by a small fusiform ridge (1.00.5 cm.); in these rudimentary 
gonads no follicles were visible. Two small fragments were removed from the central 
segment of both ridges for histologic study. 

Microscopic examination. The gonadal ridge was represented by a thick cortical wavy 
stroma with filiform nuclei (Fig. 2, a, b and e). No germinal elements or primordial folli- 
cles were found. The medulla of the gonad was a small area in which some vascular struc- 
tures could be seen. No mesonephric elements or Leydig cells were observed. 


DISCUSSION 


The 2 patients described in detail were quite different. The first presented 
many congenital malformations. Familial webbed neck has been reported 
but has not been observed in a large number of cases in one study (6). 
The presence of nevi, moles and epilepsy indicates a similarity to the neuro- 
phakomatoses (9). 

The second patient (D.B.), in contrast to the first, had only a few con- 
genital anomalies. From the histologic point of view the differences were 
striking. In the first patient (M.L.R.), the cortex was thin and contained 
undifferentiated connective stroma; the medulla was wide and rich in 
mesonephric elements (10). In the second patient, the thick cortex dis- 
played a wavy stroma with filiform nuclei, which was described by the 
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TABLE 1. HISTOLOGIC FINDINGS IN 4 PATIENTS 


| Patient 


Histologic findings | 
D.B. M.L.R. A.A. | L.R. 


| 
| 
| 


Filiform nuclei + 
Gonadal wavy stroma i 


Absence of germinal elements | | + + + 
Mesonephric duct | + 
Mesonephric tubule | + + 
Leydig cells + + | “+ 
| | 
Chromosomal sex | | | | 


pathologist as ovarian stroma; the medulla was thin and did not have 
mesonephric elements. ‘‘Leydig cells’? were present in the chromosomal 
male and absent in the chromosomal female. 

In Patients L.R. and A.A. (Table 1) whose chromatin pattern was male, 
the microscopic findings were similar to those previously described in con- 
nection with Patient M.L.R. (Fig. 3, a, b and ¢). In both, there was a thin 
cortex with ordinary connective stroma without filiform nuclei. ‘‘Leydig 
cells” were present, and a well-developed paroophoron or mesonephric 
duct wes found in Patient A.A. (Fig. 4). A summary of the microscopic 
data concerning the genital ridges of the 4 patients (M.L.R., D.B., A.A. 


Fig. 4. Patient A.A. (genetic male). Detail | 
of the gonadal medulla (H.E., 240). Meso- 

nephric duct, showing well developed muscle 
coats, simple cuboidal epithelium, and mesial 
position of the nuclei. The cytoplasm tends 
to stream out into the lumen. The gonadal 
cortex in this case consisted of ordinary con- 
4% nective stroma, as in Patients M.L.R. and L.R. 
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and L.R.) is given in Table 1. The other cases, having no special features 
other than those commonly found in Turner’s syndrome, are not described 
in detail. 

In D.B., the patient with a female chromatin pattern, a sterile ‘“‘ovary” 
was found. The 2 biopsy specimens obtained from the central portion of 
each genital ridge showed ovarian stroma but not oogonia or follicular 
structures. It is of interest that the ridge in this case was smaller than in 
the cases with a male chromatin pattern. In the 3 chromosomal males, a 
clear-cut predominance of medulla over cortex was present. Further ob- 
servations are necessary to determine whether in patients with gonadal 
dysgenesis there is a consistent relationship between the ratio of cortex 
to medulla and the sex chromatin pattern. 

The constant presence of interstitial cells in the male chromatin cases 
and the variable size of the clitoris raises the question of their function in 
these patients. The general absence of an enlarged phallus, the low excre- 
tion of 17-ketosteroids (even after stimulation with chorionic gonado- 
tropin), and the absence of Reinke bars in the interstitial cells supports the 
view that these cells had lost their androgenic activity. “Leydig cells” 
may appear during differentiation in ovaries, but in small numbers, and 
only at a late stage (11). It is not surprising that, in the section of rudi- 
mentary ovary of Patient D.B., ‘Leydig cells’ were not found. Guinet et al. 
(12) saw clusters of interstitial cells in 1 case of Turner’s syndrome and 
found them to be similar to those described by Berger in 1923 in the hilum 
of the adult ovary. 

The presence of female genitalia and ducts in all our patients has been 
well acccunted for by the now widely confirmed experiments of Jost (1, 
13) in rabbits, of Raynaud and Frilley (14) in mice, and of Wells and Fra- 
lich (15) in rats. Patients with gonadal dysgenesis appear to be the human 
counterparts of the animals in these experiments (6). 

Grumbach et al. (6) suggested that damaging agents may cause the de- 
struction of germ cells in early fetal life. Accepting this concept, it could 
even be admitted that the destruction may occur during the early migrat- 
ing phase of the gonias, before their arrival at the genital ridge (16). 
Fertilization of overripe eggs has been postulated (17) as the possible 
factor in bringing about the destruction of germ cells. 
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TREATMENT OF A PITUITARY DWARF WITH 
HUMAN GROWTH HORMONE* 


Letters to the Editor 


To THE EDITOR: 


Human growth hormone, prepared by the glacial acetic-acid extraction 
method from pituitaries obtained at autopsy (1), was found to be con- 
tinuously effective and well tolerated when administered by intramuscular 
injection to a 17-year-old male pituitary dwarf for a period of ten months. 
A dosage of 1 milligram twice a week produced an initial stimulation of 
growth, but was probably insufficient to sustain an optimal growth rate. 
Two milligrams three times a week was effective for the last seven months 
of the treatment period, producing a growth rate of 2.6 inches per year as 
compared to 0.5 inch per year for the 13-year period before treatment (Fig. 
1). The total increase in height during the ten months of growth hormone 
therapy was 2.1 inches, representing a growth rate slightly greater than 
that of a normal child of the same height. 

The concentration of inorganic phosphorus in the serum increased from 
3.6 mg. to 6.0 mg. per 100 ml. during treatment, and alkaline phosphatase 
activity rose from 4.2 to 6.0 Bodansky units. The increase in the levels of 
serum inorganic phosphorus and alkaline phosphatase to values char- 
acteristic for growing children was supportive evidence of the growth 
hormone activity. There are no changes in these levels when animal growth 
hormone preparations are used in pituitary dwarfs, even for prolonged 
periods (2). 

The immature state of the penis and testes was not affected by the 
treatment, and no pubic or axillary hair appeared. There was no advance 
in bone age during the period of growth hormone therapy. There was an 
increase in hemoglobin concentration (to 98 per cent) compared to earlier 
values (86 per cent), and possibly in red blood cell count. No redness, ten- 
derness, or induration developed at the sites of injection nor were there any 
generalized allergic reactions. No eosinophils were noted in a differential 
white cell count after eight months of treatment. The concentration of 


* This study was supported by grants Nos. A-1567 and A-612 from the National Insti- 
tutes of Health, U. 8. Public Health Service, and Contract No. NONR 1292(00) from 
the Office of Naval Research. 
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Human Growth G.H. 
Hormone Pituitary Owarfism 
mg./week Age 


50- 
Serum 
Inorganic 
Phosphorus 


mg. 


Alkaline 
Phosphatase 
Units 54 
(Bodansky) 


Hemoglobin ' 
(re. 

108 / cu. mm. 3.9 45 

86 93 66 
AUG JAN JAN MAR NOV JAN 
1955 1966 1957 1957 19957 1956 


Fia. 1. Response of a pituitary dwarf to treatment with human growth hormone. 


blood sugar remained normal. The patient seemed to require an increased 
caloric intake to maintain and gain weight during treatment. 

No evidence of other pituitary hormone activity was detected during the 
prolonged use of this human growth hormone preparation, and none was 
noted when larger doses were used for short periods in balance studies by 
other workers (3-5). 

During the period of growth hormone therapy the patient continued to 
receive, as he had for the two preceding years, oral cortisone in a dosage of 


Helaht 52 
Inches 
3 
4 
A 
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TABLE 1. CLINICAL AND LABORATORY DIAGNOSTIC DATA* 


Height —at age 17, equal to that of average 8-year-old child. 
Bone age —9 years at age 15; 11-12 years at age 18. 

Sexual development —none at age 18. 

Intelligence —alert, active mind; in proper school grade for his age. 
131 uptake by thyroid —14.1% in 24 hours; after thyrotropin, 52.2%. 

Serum protein-bound iodine—3.2 ug. per 100 ml. (normal, 4-8 yg.) 

Urinary 17-ketosteroids —3.5 mg. per 24 hours. 

Urinary gonadotropin —none found. 

Serum electrolytes —normal levels. 

Skull roentgenogram —normal sella turcica. 


* All data were obtained prior to any treatment. 


5 mg. every eight hours and v.s.p. thyroid, 120 mg. daily. The findings in 


support of the diagnosis of hypopituitarism are summarized in Table 1. 
M.S. Rasen, M.D. 


New England Center Hospital 

and the Department of Medicine, 
Tufts University School of Medicine, 
Boston, Massachusetts, 

March 10, 1958 


REFERENCES 


1. Rasen, M.S.: Preparation of growth hormone from pituitaries of man and monkey, 
Science 125: 883, 1957. 

2. Suorr, E.; Carter, A. C.; Kennepy, B. J., and Smitu, R. W., Jr.: Metabolic studies 
on the effect of crystalline growth hormone (somatotropin) in man, T’r. A. Am. Physi- 
cians 66: 114, 1953. 

3. Beck, J. C.; McGarry, E. E.; Dyrenrurtn, I., and Vennina, E. H.: Metabolic 
effects of human and monkey growth hormone in man, Science 125: 884, 1957. 

4. Pearson, O. H.; Lipserr, M. B.; GReenBerRG, E., and Ray, B. 8.: Effects of human 
growth hormone in hypophysectomized patients. Abstract #40, Program of 39th 
Meeting of The Endocrine Society, New York, N. Y., June, 1957. 

5. HenNeMAN, P. H.: Human Growth Hormone. Abstract #40, Program of 40th has 
ing of the Endocrine Society, San Francisco, June, 1958. 


THE IN VIVO CONVERSION OF THYROXINE 
TO 3:5:3’-TRIIODOTHYRONINE 


To THE Epiror: 

The short latent period of the metabolic effect of [-3:5:3’-triiodothyro- 
nine (T;) has suggested that thyroxine (T,) is the precursor of T; in the 
body and that deiodination of T, to T; may be a necessary metabolic 
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step in the peripheral action of the thyroid hormone. Albright, Larson 
and Tust (1) demonstrated the conversion of I'*!-labeled T,; to T; in rat 
kidney slices. Sprott and Maclagen (2) showed that T; was deiodinated by 
homogenates of a variety of tissues. Although they measured only the 
liberation of free iodide, they suggested that T; might be a product of the 
degradation of T,. In 1955 Pitt-Rivers, Stanbury and Rapp (38) in this 
laboratory noted the appearance in the serum of labeled T; several hours 
after the administration of labeled T, to patients with no functioning 
thyroid tissue. 

Recent interest in the syndrome of ‘“‘metabolic insufficiency”’ has stim- 
ulated further study of the extrathyroidal conversion of I'*!-labeled T, to 
T;. Before embarking on observation of the simultaneous disposal of in- 
travenously administered I'*!-labeled T, and I'*-labeled T;, it seemed 
advisable to repeat the work of Pitt-Rivers et al., since their data yielded 
curves for the appearance of labeled T; which failed to conform to the 
theory that T; was formed from T, by a simple precursor-product relation- 
ship. 

METHODS 


Six patients were selected for study. Patient #1 was a young man with severe thyro- 
toxicosis in whom the thyroidal uptake of iodine was blocked with methimazole (Tap- 
azole). Patient #2 had untreated myxedema, and Patient #3 had undergone total thy- 
roidectomy for thyroiditis several years previously. The remaining patients al! had hypo- 
thyroidism of long standing and were receiving adequate replacement therapy. In none 
of these patients was any significant degree of thyroid function demonstrable by de- 
termination of radioactive iodine uptake. 

Chromatographically pure ['*!-labeled T, prepared in our laboratory by an iodine 
exchange procedure was employed in the first 4 patients. The fifth and sixth patients 
were studied with labeled T, obtained from Abbott Laboratories, as was the labeled T, 
used in the patients of Pitt-Rivers et al. A dose of 20 to 100 microcuries of the radiothy- 
roxine was administered intravenously to each patient, and blood samples were collected 
at intervals over the next three days. Aliquots of serum were extracted with butanol 
saturated with 5 per cent Na.S.O; and the extracts were evaporated to dryness at 65° C. 
The residues were redissolved in ethanol-ammonia solution and applied with markers of 
T; and T; to Whatman No. 3 filter paper for descending chromatography in a tertiary 
amy] alecohol-2NV ammonia solvent system, with the tertiary amyl alcohol as the moving 
phase. This system provides excellent separation of the T; and T, spots. Strips were 
stained with diazotized sulfanilic acid. The strips were then cut into segments and the 
labeled iodine determined in a well-type scintillation counter. Each segment was 
counted for ten minutes. Aliquots of serum from 2 patients were also studied by ascend- 
ing chromatography in a system consisting of butanol: dioxane:ammonia in the propor- 
ions 4:1:5, in order to simulate the conditions of the experiment of Pitt-Rivers et al. 


RESULTS AND DISCUSSION 


The results are summarized in Table 1. ;These data are not corrected 
for the small amount of smearing of labeled iodine. In most cases the labeled 
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TABLE 1. PERCENTAGE OF THYROXINE PLUS TRIIODOTHYRONINE 
PRESENT AS TRIIODOTHYRONINE* 


Time after Patients 
admin. of 
labeled T, #1 #2 | 


43 | 44 45 46 


5 min. 2.2+0.2 
10 min. 2.0+0.3 6.8+0.2 
15 min. 1.8 : 
2.4 
3 hrs. 5.0 
5 hrs. 1.8+0.5 
6 hrs. 2.1+0.8 F501 3.6+0.2 
7 hrs. 
12 hrs. 
1 day 
2 days 
3 days 


4.7 
5 


0.2 
5.5+0.2 


ww we 
© 
He H+ 


2.2+0.4 | 4.5+0.3 


no 


Nowe 
be 
© © 
NON 


1.6+0.5 | 3.7+0.4 


* Standard deviations are computed for counting errors only and do not include er- 
rors introduced by the chromatographic technique. 


iodine of the segment of paper between the T; and T, spots was greater than 
that of the T; spot itself. There was no evidence in any of these 6 pa- 
tients that T; was formed from the injected T,. The labeled T; used in Pa- 
tients #5 and #6 was unfortunately contaminated with a small amount of 
T;. Even in these patients, the ratio of the labeled iodine in the T; spot to 
that in the T, spot decreased steadily with time, as might be expected 
from the shorter biologic half-life of T;. There was no evidence for the 
appearance in the serum of new labeled T; from the degradation of T.. 

The butanol-dioxane-ammonia solvent system was found to be much 
less satisfactory for the chromatographic separation of T; and T,. In this 
system the 2 spots were narrowly separated, and there was considerable 
overlap of radioactivity. It seems probable that the results reported by 
Pitt-Rivers, Stanbury and Rapp were due to artifacts introduced by a 
relatively poor solvent system. 


SUMMARY 


Using descending paper chromatography in a solvent system which 
provides excellent separation of T, and T;, we have been unable to con- 
firm previous work from this laboratory which suggested that T; appears 
in the blood as the result of the extrathyroidal degradation of Ty. This is 
not to suggest that the degradation of T, to T; in extrathyroidal tissues 
does not occur. Our results indicate only that the T; which is normally 
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present in the circulating plasma is not a deiodination product of circu- 

lating T,. 
E. Lassirer, M.D.* 
JOHN B. Stansury, M.D. 

The Department of Medicine, 

Harvard Medical School and 

the Medical Services of the © 

Massachusetts General Hospital, 

Boston, Massachusetts, 

March 1, 1958 
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ALTERATIONS OF ADRENAL STEROID 
PATTERNS IN MAN RESULTING 
FROM TREATMENT WITH A 
CHEMICAL INHIBITOR OF 
118-HYDROXYLATION 


To THE Epiror: 


In an attempt to develop compounds which, like amphenone B, would 
inhibit the synthesis of certain adrenocortical hormones, Chart and co- 
workers found that 2-methyl-1,2-bis-(3-pyridyl)-1-propanone—(SU-4885) 
—inhibited the secretion of 17,21-dihydroxy-20-ketosteroids (17-hydroxy- 
corticoids) by the adrenal glands of dogs (1). We have administered SU- 
4885 to human subjects and have induced thereby consistent alterations 
in their urinary and plasma steroids.! The steroid patterns resulting from 


‘treatment with SU-4885 are similar in many respects to those observed by 


1 Methods: 17,21-dihydroxy-20-ketosteroids (Porter-Silber reaction) (2); 17-keto- 
steroids (3, 4); chromatographic separation of steroids (5); alpha-ketol-corticosteroids 
(blue-tetrazolium reduction) (6); sulfuric-acid fluorescent steroids (7). Ultraviolet ab- 
sorption of chromatographed steroids was determined on paper and in ethanol. Sulfuric- 
acid chromogenicity was characterized using a Beckman DK spectrophotometer. 
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Eberlein and Bongiovanni in certain patients with congenital adrenal 
hyperplasia (8). 

In 4 patients undergoing renal or adrenal surgical procedures, the entire 
blood flow through the left adrenal vein was obtained over precisely 
timed intervals prior to, and again following the intravenous administra- 
tion of SU-4885. In all 4 cases, treatment with SU-4885 was followed by a 


SU 4885 


20 4 
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17- Hydroxy - Steroids 
Corticoid 
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Adrenal 
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17 -Hydroxy- 
Corticoids io4 
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MINUTES 


Fig. 1. Effect of intravenous SU-4885- Plasma 20 4 
ditartrate (15 mg./Kg. of body weight) — '7~Hydroxy- 


upon the rate of secretion of 17,21-dihy- prea 10 4 
droxy-20-ketosteroids in 4 surgical pa- 
tients. Patient ‘“‘P’’ had Cushing’s syn- 6 
drome with bilateral adrenal hyperplasia. DAYS 


Patient “‘Z’”’ received intravenous cortico- 

tropin (ACTH), 0.3 unit per minute, Fig. 2. Effect of oral SU-4885 (750 mg. 
throughout the procedure. Patients ‘“F’’ every four hours) upon plasma and urinary 
and “S” received no ACTH and had nor- steroids of 4 endocrinologically normal 
mal adrenocortical function. subjects. 


prompt and marked fall in the level of hydrocortisone in adrenal vein 
blood (Fig. 1). 

In the view of the foregoing results, it seemed paradoxical at first to find 
that with prolonged oral or intravenous administration? of SU-4885 to 
non-stressed individuals there occurred after several hours a marked in- 
crease in the level of plasma 17-hydroxycorticoids, urinary 17-hydroxy- 
corticoids, and urinary 17-ketosteroids (Fig. 2). 

It was postulated that SU-4885 might act as a specific inhibitor of 11,- 


2 Intravenous treatment was carried out using SU-4885 ditartrate in a dosage of 400 
mg. of the free base every four hours. Oral treatments were given as the free base in 
gelatin capsules, 750 mg. every four hours. 
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hydroxylation of steroids by the adrenal cortex. Inhibition of 116-hydroxy- 
lation would impair the synthesis of hydrocortisone. Since hydrocortisone 
is the hormone of principal importance in regulating the secretion of 
adrenocorticotropin (ACTH) in man, a fall in hydrocortisone secretion 
would induce a compensatory increase in ACTH secretion. The increase 
in ACTH would induce an increase in adrenocortical secretion of 11- 
desoxycorticosteroids, including compound §, desoxycorticosterone (DOC) 
and certain 17-ketosteroids. Provided the inhibition of 118-hydroxylation 
were not absolute, there would (under the stimulus of high concentrations 
of ACTH) be a rise in hydrocortisone secretion until normal peripheral con- 
centrations of this steroid were attained. At this point ACTH secretion 
would level off in plateau fashion. 

As corollaries to this postulate it was inferred: 1) that SU-4885 might 
act as an in vitro inhibitor of adrenocortical 118-hydroxylase; 2) that the 
SU-4885-induced increases in steroid levels would not occur in the absence 
of functioning adrenal glands; 3) that the SU-4885-induced increases in 
plasma and urinary 17-hydroxycorticoid levels would be due to increased 
secretion of compound § rather than of hydrocortisone; 4) that other 11- 
desoxysteroids, such as DOC, might also appear in the blood after treat- 
ment with SU-4885; and 5) that the administration of physiologic amounts 
of hydrocortisone would preclude the “‘compensatory” increase in ACTH 
and thereby prevent the increases in steroid levels in plasma and urine. 
All 5 corollaries have been confirmed experimentally. 

First, evidence that the mechanism of action of SU-4885 is through the 
inhibition of 118-hydroxylation was obtained through in vitro studies’ in 
which the compound was added to a partially purified 116-hydroxylase 
derived from bovine adrenal tissue. The activity of 116-hydroxylase was 
almost totally inhibited by a 1.5X10- molar solution of SU-4885, and was 
50 per cent inhibited by a 2.5 X10-° molar solution. In similar studies, 21- 
hydroxylase activity was not consistently inhibited by concentrations of 
SU-4885 up to 110-* molar. 

Second, no changes in steroid excretion were noted when SU-4885 was 
administered to an adrenalectomized woman (maintained on hydrocorti- 
sone, 10 mg. three times daily, and desoxycorticosterone trimethylacetate, 
50 mg. per month), indicating that the aforementioned increases in 
steroid excretion (a) were dependent upon the presence of functioning 
adrenal tissue, (b) were not due to altered extra-adrenal metabolism of 
hydrocortisone, and (c) were not artefacts due to the presence of SU-4885 
or its metabolites in the urine. 


3 Kindly performed by Dr. Gordon M. Tomkins of the National Institute of Arthritis 
and Metabolic Diseases, Bethesda, Maryland. 
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Third, in normal subjects prior to treatment with SU-4885 the only 
‘free’ 17, 21-dihydroxy-20-ketosteroid present in plasma in detectable 
quantities had the chromatographic and chromogenic properties of hydro- 
cortisone. Following treatment with SU-4885 the plasma contained an 
additional free 17,21-dihydroxy-20-ketosteroid, this one having the 
chromatographic and chromogenic properties of compound 8. Prior to 
treatment with SU-4885 the bulk of the urinary 17, 21-dihydroxy-20- 
ketosteroids exhibited the properties of tetrahydrocortisone and tetra- 
hydrohydrocortisone, but following treatment with SU-4885 the urine 
contained large quantities of a steroid having the properties of ‘“tetra- 
hydro S.”’ Table 1 lists the properties used in the presumptive identification 
of these steroids. 

Fourth, following treatment of normal subjects with SU-4885, a steroid 
which was chromatographically identical with DOC was estimated by an 
isotope derivative method to be present in the plasma in concentrations 
up to 4 micrograms per 100 ml. This substance was not present in the 
plasma in detectable quantities prior to treatment. 

Fifth, subjects treated with exogenous corticoids in doses equivalent to 
normal endogenous hydrocortisone failed to exhibit an increase in plasma 
or urinary steroid levels in response to SU-4885. Those receiving exogenous 
hydrocortisone in a dosage of 5 mg. every four hours showed little change 
in steroid levels. Those receiving the more potent compound, A!-9a-fluoro- 
hydrocortisone, in a dosage of 0.25 mg. every four hours actually showed 
a fall in steroid levels. 

Eberlein and Bongiovanni have described the major abnormalities of 
adrenal steroid patterns in a patient with the hypertensive form of con- 
genital adrenal hyperplasia (8). These investigators were unable to dem- 
onstrate the presence of 11-oxygenated steroids in either the blood or urine 
of their patient but were able to identify several 11-desoxycorticosteroids, 
including compound § and its metabolites. Their patient exhibited high 
levels of 17-hydroxycorticoids (compound § and its metabolites) and 17- 
ketosteroids, and both groups of steroids were readily suppressed by the 
administration of hydrocortisone. These investigators postulated that their 
patient had a deficiency of adrenal 118-hydroxylase, subnormal secretion 
of hydrocortisone, and increased production of ACTH. It is suggested that, 
with SU-4885, we have produced transiently a similar derangement of 
steroid metabolism in otherwise normal subjects. 

Since the late rise in steroid levels which occurs following treatment 
with SU-4885 is mediated by an increase in secretion of ACTH by the 
pituitary, it seemed reasonable that this agent might be used to test 
pituitary ‘‘reserve”’ in various conditions. Accordingly several patients with 
known pituitary disorders were tested with SU-4885 in a dosage of 750 
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Fig. 3. Response of 4 patients with pituitary disorders (a) to exogenous corticotropin 
(ACTH), 50 units as an eight-hour intravenous infusion, and (b) to SU-4885 taken orally, 
750 mg. every four hours. Patients ““H” and ‘“‘O” had a chromophobe adenoma of the 
pituitary; patients ““D” and ‘“‘W”’ had previously been successfully treated for Cushing’s 
syndrome by means of cobalt irradiation of the pituitary. Note the poor responses to 
SU-4885 compared with those of normal subjects (Fig. 2). The excellent responses to 
exogenous ACTH suggest that the failure to respond to SU-4885 was due to failure of 
the pituitary to secrete ACTH and was not due to adrenal unresponsiveness. 


mg. every four hours. Certain patients with chromophobe adenomas or 
with previously irradiated pituitary glands failed to exhibit increased ster- 
oid levels after administration of SU-4885 (Fig. 3), suggesting that pitui- 
tary “reserve”’ was limited, even though steroid levels were adequate under 
non-stressful conditions and even though adrenal responsiveness to exog- 
enous ACTH had not been lost. 
Grant W. Lippe, M.D. 
Donatp Isuanp, B.S. 
Epwarp M. Lancs, M.D. 
A. Pace Harris, M.D. 
Depts. of Medicine and Surgery, 
Vanderbilt University School 
of Medicine, 
Nashville, Tennessee, 
March 5, 1958 
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Addendum 


Jenkins et al. have shown that, in the dog, SU-4885 causes a decrease in the levels 
of adrenal venous hydrocortisone and cortisone and a marked increase in the levels of 
adrenal venous compound § and desoxycorticosterone (9). 
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TENTH POSTGRADUATE ASSEMBLY 
IN ENDOCRINOLOGY 
AND METABOLISM 


SPONSORED JOINTLY BY THE ENDOCRINE SOCIETY AND THE STATE 
University oF New York, Upstate MepicaL ScHOOL 


Syracuse, N. Y. 
September 29 through October 3, 1958 


For information concerning the program and registration, write to 
Charles W. Lloyd, M. D., State University of New York, Upstate Medical 
Center, Syracuse 10, N. Y. 

The registration fee is $100.00. Residents and Fellows will be admitted 
for a reduced fee of $30.00. Those wishing to reserve rooms should com- 
municate directly with the Hotel Syracuse. 


(For program, see the July issue of the Journal) 


THE 1959 ANNUAL MEETING 


The next Annual Meeting of The Endocrine Society will be held at the 
Haddon Hall Hotel, Atlantic City, N. J., June 4, 5 and 6, 1959. The 
Chairman of the Committee on Arrangements is Dr. Matthew Molitch, 
705 Pacific Avenue, Atlantic City, N. J. 


THE 1959 AWARDS 


The selection of the recipients of the awards of The Endocrine Society 
is made by a Committee appointed by Council of the Society. These 
awards and fellowships carry no obligation by the recipient to the Society 
or to the donors. 
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FRED CONRAD KOCH AWARD 


During the past year a substantial legacy has been bequeathed to the 
Society by the late Elizabeth Koch for the purpose of establishing the 
Fred Conrad Koch Memorial Fund in memory of her late husband, Dis- 
tinguished Service Professor of Physiological Chemistry at the University 
of Chicago and pioneer in the isolation of the androgens. This is to be the 
highest honor of The Endocrine Society and is to be represented by a medal 
that is to be known as the Koch Medal of The Endocrine Society. The 
medal, as well as an honorarium of $3,500, is to be given annually to an in- 
dividual for work of special distinction in endocrinology. The recipient 
shall be chosen from nominations presented by members of the Society 
and is limited to citizens of the United States and Canada. 

This Award will replace the Medal of The Endocrine Society which was 
established in 1954 and presented to Dr. Carl R. Moore in 1955, Dr. Fred- 
erick L. Hisaw in 1956, Dr. Joseph C. Aub in 1957 and Dr. I. L. Chaikoff 
in 1958. The Medal of the Endocrire Society replaced the E. R. Squibb 
Award which was formerly the highest honor bestowed by the Society. 
Past recipients of the Squibb Award were Dr. George W. Corner in 1940, 
Dr. Philip E. Smith in 1941, Dr. Fred C. Koch in 1942, (no award in 1943), 
Dr. E. A. Doisy in 1944, Dr. E. C. Kendall in 1945, Dr. Carl G. Hartman 


in 1946, Drs. Carl F. and Gerty T. Cori in 1947, Dr. Fuller Albright in 


1948, Dr. Herbert M. Evans in 1949, Dr. C. N. H. Long in 1950, Dr. J. B. 
Collip in 1951, Dr. James H. Means in 1952 and Dr. David Marine in 1953. 


THE CIBA AWARD 


The Ciba Award, to recognize the meritorious accomplishments of an 
investigator not more than 35 years of age in the field of clinical or pre- 
clinical endocrinology, was established in 1942, but no recipient was se- 
lected in 1942 or 1943. In 1944 the Award was presented to Dr. E. B. 
Astwood; 1945—Dr. Jane A. Russell; 1946—Dr. Martin M. Hoffman; 
1947—Dr. Choh Hao Li; 1948—Dr. Carl Heller; 1949—Dr. George Sayers; 
1950—Dr. Oscar M. Hechter; 1951—Dr. Albert Segaloff; 1952—Dr. 
Seymour Lieberman; 1953—Dr. Sidney Roberts and Dr. Clara Szego (Mrs. 
Roberts) ; 1954—Dr. Isadore M. Rosenberg; 1955—Dr. Jack Gross; 1956— 
Dr. Alfred M. Bongiovanni; 1957—Dr. Nicholas 8. Halmi; 1958—Dr. 
Monte A. Greer. Prior to 1952 the Award was $1,200. It has now been in- 


creased to $2,500. 


THE AYERST AND THE SQUIBB FELLOWSHIPS 


The Ayerst Fellowship was established in 1947 and the Squibb Fellow- 
ship in 1956. They are designed to assist men or women of exceptional 
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promise in furthering their advancement towards a career in endocrinology. 
Each Fellowship is awarded on alternate years and the stipend, which will 
not exceed $5,000, may be divided into two Fellowships in varying amounts 
in accordance with the qualifications of the appointees. Individuals pos- 
sessing the M.D. or Ph.D. degree, or candidates for either of these degrees, 
are eligible for appointment. 
Applicants must submit the following information: 
1. Evidence of scientific ability as attested by studies completed or in 
progress. 
2. Recommendations from individuals familiar with the candidate and 
his work. 
3. A proposed program of study. 
4. Acceptance of the individual by the head of the department in which 
the Fellowship will be held. 

. A statement that he or she will serve full time if awarded a Fellow- ~ 
ship. A small amount of time (10 to 15 per cent) may be snent in 
course work or participation in teaching, the latter purely on a volun- 
tary basis. 


THE SCHERING AND THE UPJOHN SCHOLARS OF 
THE ENDOCRINE SOCIETY 


The Council of The Endocrine Society has established a category of 
Scholars. These grants have been made available through the generosity of 
the Schering Corporation and the Upjohn Company, and will be awarded 
to established investigators and teachers in the field of endocrinology who 
wish to extend their opportunities for work either in this country or abroad. 

The awards will not exceed $2,500 annually for each individual and will 
be granted on the basis of proposals submitted by the applicant. Such ap- 
plications should include the estimated financial needs. The funds may be 
used for travel, maintenance and other expenses. 


Nominations 


Nominations for the Fred Conrad Koch Award, the Ciba Award, and 
the Ayerst and the Squibb Fellowships may be made by any member of 
The Fndocrine Society. They should be submitted on forms which may be 
obtained from the Office of the Secretary, 1200 North Walker Street, 
Oklahoma City 3, Oklahoma. Completed nominations should be returned 
to the Secretary not later than September 15, 1958. 

Proposals for appointments as Scholars of The Endocrine Society should 
be made in writing by the individual, and addressed to the Secretary of 
the Society. They should be submitted by September 15, 1958. 
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The Awards Committee will meet in October and notice of awards to 
successful nominees and applicants will be made not later than December 1. 


CORRECTION 


In the article entitled “Urinary Corticosteroid Excretion Patterns in 
Patients with Adrenocortical Dysfunction” by Dyrenfurth, Sybulski, 
Notchev, Beck and Venning (J. Clin. Endocrinol. & Metab. 18: 391-408 
(Apr.) 1958), the authors would like to make the following correction: 
On page 393, six lines from the bottom, “2 per cent blue tetrazolium” 
should read ‘‘0.2 per cent blue tetrazolium.” 


18TH CONGRESS OF THE FEDERATION OF 
THE SOCIETIES OF GYNECOLOGY AND 
OBSTETRICS (FRENCH LANGUAGE) 


The 18th Congress of the Federation of the Societies of Gynecology and 
Obstetrics (French language), organized by the Society of Gynecology and 
Obstetrics of Paris under the presidency of Professor Lantuejoul, will 
meet in Paris, June 15-17, 1959. Further information may be obtained 


_ from Dr. Robey, Secretary-General, 4, Avenue St. Honore d’Eylau, Paris 


16, France. 


NEW YORK ACADEMY OF MEDICINE— 
POSTGRADUATE WEEK 


The New York Academy of Medicine will hold its Second Annual Post- 
graduate Week (formerly the Graduate Fortnight), October 13 through 17, 
1958. The title of the program is “Research Contributions to Clinical 
Practice.’’ The program will consist of daily evening lectures, a daily after- 
noon panel meeting, and a Scientific Exhibit. All physicians, including in- 
terns and residents and those working in the allied sciences, are cordially 
invited to attend all sessions. Registration, without fee, will be required for 
non-Fellows of the Academy. All inquiries should be addressed to: Secre- 
tary, Postgraduate Week, The New York Academy of Medicine, 2 East 
103 Street, New York 29, N. Y. ' 
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